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(54) Electrostatic recording member, electrostatic latent image recording apparatus, and 
electrostatic latent image read-out apparatus 

(57) An electrostatic recording member on which 
radiation image information is recorded as an electro- 
static latent image includes the following layers super- 
posed one on another in this order. A first conductive 
layer which transmits recording radiations such as X- 
rays, a recording photoconductive layer which exhibits 
conductivity upon exposure to the recording radiations 
passing through the first photoconductive layer, a 
charge transport layer which substantially acts as an 
insulator to a charge in the same polarity as a charge 
placed on the first conductive layer and substantially 
acts as a conductive body to a charge in the polarity 
reverse to a charge placed on the first conductive layer, 
a read-out photoconductive layer which exhibits con- 
ductivity upon exposure to a read-out electromagnetic 
wave, and a second conductive layer which +transmits 
the read-out electromagnetic wave. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001 ] This invention relates to an electrostatic record- 
ing member on which information on a radiation image 
obtained by exposing an object to radiations such X- 
rays is recorded as an electrostatic charge pattern (an 10 
electrostatic latent image), an electrostatic latent image 
recording apparatus for recording image information on 
the recording member and an electrostatic latent image 
read-out apparatus for reading out image information 
from the recording member. is 

Description of the Related Art 

[0002] There has been known an X-raying system in 
which a photoconductive member such as a selenium 20 
plate sensitive to X-rays is employed as a photosensi- 
tive member (electrostatic recording member) in order 
to reduce dose to the object and to improve diagnostic 
performance, and the electrostatic latent image formed 
on the selenium plate by X-rays is read out by use of a 25 
laser beam or a plurality of electrodes. See, for 
instance, United States Patent Nos. 4176275. 5268569, 
5354982 and 4535468. "23027 Method and device for 
recording and transducing an electromagnetic energy" ; 
Research Disclosure, June 1983, Japanese Unexam- 30 
ined Patent Publication No. 9(1997)-5906, United 
States Patent No. 4961209, and "X-ray imaging using 
amorphous selenium"; Med Phys. 22(12). 
[0003] Such systems are advantageous over a known 
fluoroscopy using a TV image pickup tube in that the 35 
resolution is higher and over xeroradiography in that the 
dosage of X-rays is smaller. 

[0004] However the systems are disadvantageous in 
that when the thickness of the selenium plate is 
increased to compensate for low X-ray absorption of the 40 
selenium plate, the image read-out speed is lowered, 
and they are apt to pick up noise due to geometric accu- 
racy in the direction of thickness of the selenium plate 
(structure noise). 

[0005] Further in the systems disclosed in United 45 
States Patent Nos. 4176275, 5268569 and 5354982, 
since the X-ray sensitive photoconductive layer for 
recording which requires a relatively large thickness of 
the photoconductive layer is used as the photoconduc- 
tive layer for read-out, the read-out speed is low, and so 
since a high electric voltage is applied to the photocon- 
ductive layer at least until read-out is finished after for- 
mation of a latent image, an electric charge due to a 
dark current is added to the charge of the latent image 
and the contrast deteriorates in the low dosage area. 55 
Further there exists an inherent problem that an erasing 
process is required for rerecording. 
[0006] In the systems disclosed in Research Disclo- 
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sure, June 1983 and Japanese Unexamined Patent 
Publication No. 9(1 997)-5906, the read-out speed is 
improved by providing a photoconductive layer for read- 
out separately from that for recording, and the erasing 
process is unnecessary. However since a high electric 
voltage is applied to the photoconductive layer until 
read-out is finished after formation of a latent image 
(typically for several seconds), an electric charge due to 
a dark current is added to the charge of the latent image 
and the contrast deteriorates in the low dosage area. 

[0007] Further there has been disclosed an approach 
in which the latent image is read out by short-circuiting 
the electrodes on the recording side and the read-out 
side without applying a high voltage upon read-out. 
However in this approach, a uniform charge distribution 
is formed in advance by a stored charge on an interme- 
diate interface due to uniform exposure before exposure 
to X-rays, and a high electric voltage is applied to the 
photoconductive layer for read-out by the stored charge 
upon short-circuiting. Accordingly, due to leak of the 
charge by the dark current, the contrast deteriorates in 
the low dosage area also in this approach. 
[0008] Further in the systems disclosed in Research 
Disclosure, June 1983 and Japanese Unexamined Pat- 
ent Publication No. 9(1997)-5906, a flood light source 
for primary exposure is required, which adds to the cost 
and the size of the apparatus, and it is difficult to realize 
uniform flood lighting and it is difficult to time the flood 
lighting to X-raying. 

[0009] In United States Patent No. 4535468, there is 
disclosed a system comprising a three-layer electro- 
static recording member consisting of an X-ray sensitive 
photoconductive layer, a photoconductive layer for read- 
out and an intermediate layer on which an electric 
charge is stored as trap. In this system, a latent image 
charge is stored on the intermediate layer by exposing 
the X-ray sensitive photoconductive layer to X-rays 
while applying a high electric voltage thereto and then 
the latent image is read out by short-circuiting the elec- 
trodes. In this system, the read-out speed can be 
increased by use of a thin photoconductive layer for 
read-out. Further since the high electric voltage is 
removed after the X-ray latent image is stored on the 
intermediate layer and short-circuiting is held during 
read-out, though the latent image charge leaks (attenu- 
ates) due to a dark current, the leak is proportional to 
the amount of the latent image charge unlike the afore- 
said system, whereby deterioration in the contrast in the 
low dosage area can be suppressed. 
[001 0] However since a high electric voltage is gener- 
ally kept applied for a long time even prior to exposure 
to recording X-rays, an offset charge component due to 
a dark current generated by the high electric voltage 
applied before exposure to the recording X-rays 
remains and cannot be removed. Further there is a 
problem that the amount of the signal charge which can 
be detected from the exterior is small since the photo- 
conductive layer for read-out is smaller in thickness than 
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the X-ray sensitive photoconductive layer. Further since 
the mobility of charge is low for both electrons and holes 
in the intermediate layer, the intermediate layer cannot 
be large in thickness. This is because a high mobility of 
charge can result in deterioration in response and/or 5 
generation of an afterimage. That is, in this system, it is 
difficult to simultaneously obtain a high response, a 
large charge storage ability and efficient taking up of the 
signal charge. 

[001 1 ] In any of the aforesaid systems, since record- 10 
ing is effected by scanning the electrostatic recording 
member with a beam spot such as of a laser beam, 
places where latent image charges are stored, i.e., posi- 
tions of pixels, cannot be fixed and it is difficult to effect 
so-called structure noise correction. 15 

SUMMARY OF THE INVENTION 

[0012] In view of the foregoing observations and 
description, the primary object of the present invention 20 
is to provide an electrostatic recording member which 
allows even a read -out apparatus of a simple structure 
to read out a latent image in a shorter time (increase in 
the read-out speed) and to ensure a high S/N ratio while 
keeping a high sharpness. 25 
[001 3] Another object of the present invention is to 
provide an apparatus for recording image information 
on such an electrostatic recording member. 
[0014] Still another object of the present invention is 
to provide an apparatus for reading out image informa- 30 
tion from such an electrostatic recording member. 
[0015] An electrostatic recording member in accord- 
ance with a first aspect of the present invention is for 
recording radiation image information as an electro- 
static latent image and is basically formed by sandwich- 35 
ing a charge transport layer which acts as a conductive 
body only for a charge of one polarity between a record- 
ing photoconductive layer and a read-out photoconduc- 
tive layer so that radiation image information is recorded 
as an electrostatic latent image by storing a charge on 40 
the interface of the recording photoconductive layer and 
the charge transport layer. 

[0016] That is, in accordance with the first aspect of 
the present invention, there is provided an electrostatic 
recording member comprising 45 

a first conductive layer which transmits recording 
radiations such as X-rays, 

a recording photoconductive layer which exhibits 
conductivity upon exposure to recording radiations, so 
a charge transport layer which substantially acts as 
an insulator to a charge in the same polarity as a 
charge placed on the first conductive layer and sub- 
stantially acts as a conductive body to a charge in 
the polarity reverse to a charge placed on the first 55 
conductive layer, 

a read-out photoconductive layer which exhibits 
conductivity upon exposure to a read-out electro- 
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magnetic wave, and 

a second conductive layer which transmits the 
read-out electromagnetic wave, 
superposed one on another in this order. 

[001 7] Preferably the recording photoconductive layer 
contains as a major component at least one of a-Se, 
PbO, Pbl 2 , Bi 12 (Ge,Si)02o, and Bi 2 l 3 /organic polymer 
nanocomposites and is not smaller than 50 ^m and not 
larger than 1000 urn in thickness. 
[0018] Further preferably the read-out photoconduc- 
tive layer also exhibits conductivity upon exposure to the 
recording radiations. 
* [001 9] In this specification the "electromagnetic wave" 
includes light such as infrared rays, visible rays and the 
like and may be at any wavelength so long as it can be 
employed in reading out an electrostatic latent image to 
be described later. 

[0020] An electrostatic recording member in accord- 
ance with a second aspect of the present invention is for 
recording radiation image information as an electro- 
static latent image and is basically formed by sandwich- 
ing a charge transport layer which acts as a conductive 
body only for a charge of one polarity between a record- 
ing photoconductive layer and a read-out photoconduc- 
tive layer and superposing a wavelength conversion 
layer on the recording photoconductive layer so that 
radiations such as X-rays is converted to light in a differ- 
ent wavelength range by the wavelength conversion 
layer and an electrostatic latent image is recorded by 
exposing the recording photoconductive layer to the 
wavelength-converted light. 

[0021 ] That is, in accordance with the second aspect 
of the present invention, there is provided an electro- 
static recording member comprising 

a wavelength conversion layer such as an X-ray 

scintillator which converts recording radiations to 

visible light in a first wavelength range, 

a first conductive layer which transmits the visible 

light. 

a recording photoconductive layer which exhibits 
conductivity upon exposure to the visible light pass- 
ing through the first photoconductive layer, 
a charge transport layer which is insensitive to light 
and substantially acts as an insulator to a charge in 
the same polarity as a charge placed on the first 
conductive layer and substantially acts as a con- 
ductive body to a charge in the polarity reverse to a 
charge placed on the first conductive layer, 
a read-out photoconductive layer which exhibits 
conductivity upon exposure to a read-out electro- 
magnetic wave, and 

a second conductive layer which transmits the 
read-out electromagnetic wave, 
superposed one on another in this order. 

[0022] Preferably the wavelength conversion layer 
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converts the recording radiations also to visible light in a 
second wavelength range, and the read-out photocon- 
ductive layer exhibits conductivity upon exposure to the 
visible light in the second wavelength range. 

[0023] In each of the electrostatic recording members 
of the first and second aspects, it is preferred that the 
read-out photoconductive layer contains as a major 
component at least one of a-Se, Se-Te, Se-As-Te, non- 
metal phthalocyanine and metal lophthalocyanine such 
as MgPc, VoPc and CuPc. 

[0024] In each of the electrostatic recording members 
of the first and second aspects, it is more preferred that 
the read-out photoconductive layer be a photoconduc- 
tive layer which exhibits a high sensitivity to an electro- 
magnetic wave in a wavelength range of a near 
ultraviolet region to a blue region (300 to 550nm) and a 
low sensitivity to an electromagnetic wave in a red 
region (not shorter than 700nm). Such a preferred read- 
out photoconductive layer includes, for instance, those 
containing as a major component at least one of a-Se, 
Pbl 2 , Bi 12 (Ge,Si)0 2 o, perylene-bis-imide (R=n-propyl), 
and perylene-bis-imide (R=n-neopentyl). 
[0025] The read-out photoconductive layer which also 
exhibits conductivity upon exposure to the recording 
radiations is preferably a photoconductive layer contain- 
ing as a major component at least one of a-Se. Se-Te 
and Se-As-Te. 

[0026] In each of the electrostatic recording members 
of the first and second aspects, it is preferred that the 
charge transport layer contains as a major component 
at least one of PVK, TPD, dispersion of TPD in polymer, 
and a-Se doped with 10 to 200ppm of CI. 
[0027] In each of the electrostatic recording members 
of the first and second aspects, it is preferred that the 
charge transport layer be larger in the mobility of charge 
in the direction of thickness of the layer than that in a 
direction parallel to the layer. 

[0028] In each of the electrostatic recording members 
of the first and second aspects, it is preferred that the 
charge transport layer includes at least a first charge 
transport layer formed of a material which substantially 
acts as an insulator to a charge in the same polarity as 
a charge placed on the first conductive layer and a sec- 
ond charge transport layer formed of a material which 
substantially acts as a conductive body to a charge in 
the polarity reverse to a charge placed on the first con- 
ductive layer with the first and second charge transport 
layers superposed so that the first charge transport 
layer faces toward the recording photoconductive layer 
and the second charge transport layer faces toward the 
read-out photoconductive layer. More preferably the first 
charge transport layer is of an organic material and the 
second charge transport layer is of a Se series material. 
Specifically it is preferred that the first charge transport 
layer be a layer consisting of at least one of PVK and 
TPD and the second charge transport layer be an a-Se 
layer doped with CI of 10 to 200ppm. In this case, it is 
preferred that the second charge transport layer is 



larger in thickness than the first charge transport layer. 
[0029] In each of the electrostatic recording members . 
of the first and second aspects, it is preferred that a first 
blocking layer which prevents the charge placed on the 

5 first conductive layer from being injected into the record- 
ing photoconductive layer be interposed between the 
first conductive layer and the recording photoconductive 
layer and/or that a second blocking layer which prevents 
the charge placed on the second conductive layer from 

10 being injected into the read-out photoconductive layer 
be interposed between the second conductive layer and 
the read-out photoconductive layer. 
[0030] Further the sum of the thickness of the read- 
out photoconductive layer and that of the charge trans- 

15 port layer is preferably not larger than 1/2 of the thick- 
ness of the recording photoconductive layer and more 
preferably not larger than 1/10 of the same, and most 
preferably not larger than 1/20 of the same. 
[0031 ] In each of the electrostatic recording members 

20 of the first and second aspects, the mobility in the 
charge transport layer of a charge in the same polarity 
as a charge placed on the first conductive layer is pref- 
erably not larger than 1/10 2 and more preferably not 
larger than 1/10 3 of the mobility in the charge transport 

25 layer of a charge in the polarity reverse to a charge 
placed on the first conductive layer. 
[0032] In each of the electrostatic recording members 
of the first and second aspects, it is preferred that the 
second conductive layer be in the form of a comb elec- 

30 trode for read-out which is like a comb in shape. 

[0033] It is further preferred that the width of each 
tooth of the comb electrode is not larger than 75% of the 
pitch of the teeth. Further it is preferred that the inter- 
spaces between the teeth of the comb electrode be 

35 untransparent to the read -out electromagnetic wave, 
and it is preferred that the portions of each tooth 
between pixels arranged in the longitudinal direction of 
the tooth be untransparent to the read-out electromag- 
netic wave. 

40 [0034] It is preferred that the sum of the thickness of 
the read-out photoconductive layer and that of the 
charge transport layer in the electrostatic recording 
member provided with the comb electrode be substan- 
tially the same as the pitch of the teeth or smaller than 

45 the same. 

[0035] In the electrostatic recording member provided 
with the comb electrode, it is preferred that an insulating 
layer and a third conductive layer both of which transmit 
the read-out electromagnetic wave be superposed on 

so the second conductive layer in this order and the third 
conductive layer be in the form of a comb electrode for 
recording whose teeth extend substantially in perpen- 
dicular to those of the comb electrode on the second 
conductive layer. 

55 [0036] Further it is preferred that the interspaces 
between the teeth of the comb electrode on the third 
conductive layer be untransparent to the read-out elec- 
tromagnetic wave and the width of each tooth of the 
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comb electrode of the third conductive layer be not 
larger than 75% of the pitch of the teeth. 
[0037] It is preferred that the sum of the thickness of 
the read -out photoconductive layer and that of the 
charge transport layer in the electrostatic recording 
member provided with the comb electrode be substan- 
tially the same as the pitch of the teeth of the comb elec- 
trode of the third conductive layer or smaller than the 
same. 

[0038] In accordance with a third aspect of the present 
invention, there is provided an electrostatic latent image 
recording apparatus for recording radiation image infor- 
mation as an electrostatic latent image on an electro- 
static recording member in accordance with the first or 
second aspect of the present invention, comprising 

a power source which applies a predetermined DC 
voltage between the first and second conductive 
layers, and 

a recording light projecting means which projects 
recording radiations bearing thereon the radiation 
image information onto the electrostatic recording 
member, 

wherein the radiation image information is recorded 
as an electrostatic latent image by projecting the 
recording radiations onto the first conductive layer 
of the electrostatic recording member to cause the 
interface of the recording photoconductive layer 
and the charge transport layer of the electrostatic 
recording member to store a charge in the same 
polarity as the charge placed on the first conductive 
layer. 

[0039] In accordance with a fourth aspect of the 
present invention, there is provided an electrostatic 
latent image recording apparatus for recording radiation 
image information as an electrostatic latent image on an 
electrostatic recording member provided with the comb 
electrode for recording and the third conductive layer, 
comprising 

a power source which applies a predetermined DC 
voltage between the first and third conductive lay- 
ers, and 

a recording light projecting means which projects 
recording radiations bearing thereon the radiation 
image information onto the first conductive layer, 
wherein the radiation image information is recorded 
as an electrostatic latent image by projecting the 
recording radiations onto the first conductive layer 
of the electrostatic recording member to cause the 
interface of the recording photoconductive layer 
and the charge transport layer of the electrostatic 
recording member to store a charge in the same 
polarity as the charge placed on the first conductive 
layer. 

[0040] In each of the electrostatic latent image record- 



ing apparatuses of the third and fourth aspects, it is pre- 
ferred that there is provided a pre-exposure means 
which projects a predetermined amount of electromag- 
netic radiations onto the second conductive layer before 
5 the recording radiations are projected onto the first con- 
ductive layer. 

[0041 ] In accordance with a fifth aspect of the present 
invention, there is provided an electrostatic latent image 
read-out apparatus for reading out an electrostatic 
to latent image from the electrostatic recording member of 
the present invention, comprising 

a read-out exposure means which causes a read- 
out electromagnetic wave to scan the second con- 

15 ductive layer, and 

an electric current detecting means which detects 
through the first or second conductive layer an elec- 
tric current flowing out the electrostatic recording 
member according to the electrostatic latent image 

so recorded thereon upon exposure to the read-out 
electromagnetic wave. 

[0042] In one embodiment, the electrostatic latent 
image read-out apparatus further comprises a connect- 

25 ing means which connects the first conductive layer 
selectively to the second conductive layer or the current 
detecting means, 

wherein the connecting means first connects the 
first conductive layer to the second conductive layer to 

30 equalize the potential of the second conductive layer to 
that of the first conductive layer and then connects the 
first conductive layer to the current detecting means to 
detect the electric current flowing out the electrostatic 
recording member. 

35 [0043] In the electrostatic latent image read-out appa- 
ratus, it is preferred that the read-out electromagnetic 
wave be in a wavelength range of a near ultraviolet 
region to a blue region when the read-out photoconduc- 
tive layer of the electrostatic recording member exhibits 

40 a high sensitivity to an electromagnetic wave in a wave- 
length range of a near ultraviolet region to a blue region 
(300 to 550nm) and a low sensitivity to an electromag- 
netic wave in a red region (not shorter than 700nm). 
[0044] It is preferred that read-out exposure means 

45 causes a read -out electromagnetic wave in the form of 
a beam to scan the second conductive layer. 
[0045] In the case where the electrostatic recording 
member is provided with a comb electrode for read-out, 
it is preferred that the read-out exposure means causes 

so a line image of a read-out electromagnetic wave which 
is substantially uniform in intensity and extends sub- 
stantially in perpendicular to the teeth of the comb elec- 
trode to scan the second conductive layer in the 
longitudinal direction of the comb teeth, and the current 

55 detecting means detects the electric current flowing out 
the electrostatic recording member tooth by tooth. 
[0046] Further in the case where the electrostatic 
recording member is provided with a comb electrode for 
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read-out, it is preferred that the electrostatic latent 
image read-out apparatus be provided with a second 
connecting means which connects the second and third 
conductive layers. 

[0047] In this case, it is preferred that the read-out 5 
exposure means projects the read-out electromagnetic 
wave like a pulse onto each pixel. 
[0048] Further it is preferred that the current detecting 
means comprises an integrating capacitor which stores 
charge by the electric current flowing to the current io 
detecting means, and a discharge means which selec- 
tively discharges the charge stored in the integrating 
capacitor, thereby detecting the charge stored in the 
integrating capacitor pixel by pixel. Further it is preferred 
that the current detecting means is connected to the first 15 
conductive layer by way of a bias power source having a 
predetermined DC voltage. It is further preferred that 
the bias power source be the power source which is 
used when recording the electrostatic latent image. 
[0049] In accordance with the present invention, since 20 
the electrostatic recording member is of a three-layer 
structure comprising a charge transport layer, which 
acts as a conductive body only to, for instance, a posi- 
tive charge, sandwiched between a recording photocon- 
ductive layer and a read-out photoconductive layer and 25 
an electrostatic latent image is recorder by storing a 
charge on the interface of the photoconductive layers, 
the electrostatic latent image can be recorded only by 
electrifying the conductive layers on opposite sides of 
the three-layer structure at a predetermined potential 30 
and projecting recording radiations onto the recording 
photoconductive layer, and it is unnecessary to place a 
primary charge on the electrostatic recording member 
by uniform exposure before recording. Accordingly the 
exposure means for the uniform exposure can be elimi- 35 
nated, which simplifies the structure of the recording 
apparatus. 

[0050] When the conductive layers on opposite sides 
of the three-layer structure are electrified at the prede- 
termined potential before projecting recording radia- 40 
tions onto the recording photoconductive layer, a dark 
current generated in the recording photoconductive 
layer, especially a dark current (e.g., electrons) injected 
into the recording photoconductive layer from the first 
conductive layer, reaches the interface of the charge 45 
transport layer and the recording photoconductive layer 
and is stored there. Further a dark current generated in 
the read-out photoconductive layer, especially a dark 
current (e.g., holes) injected into the read-out photocon- 
ductive layer from the second conductive layer, passes so 
through the charge transport layer and neutralizes the 
electrons stored on the interface. It is possible to control 
the condition of the two conductive layers and the two 
photoconductive layers (e.g., material and thickness) so 
that the number of the holes reaching the interface is 55 
slightly larger than that of the electrons. When the holes 
are larger than the electrons in number, the excessive 
holes are injected into the recording photoconductive 
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layer and are drifted to the electrode without accumulat- 
ing on the interface. With this arrangement, the amount 
of dark electrons added to the charge of the latent 
image of the recording radiations in an offset manner 
can be suppressed very small, whereby a high S/N ratio 
can be easily obtained. 

[0051] Further it is possible to control the condition of 
the two conductive layers and the two photoconductive 
layers so that the number of the holes reaching the 
interface is slightly smaller than that of the electrons. 
When the electrons are larger than the holes in number, 
the excessive electrons accumulate on the interface. 
However by uniformly exposing the read-out photocon- 
ductive layer to a predetermined amount of electromag- 
netic wave before projecting the recording radiations, a 
proper amount of holes can be generated and the 
excessive electrons can be neutralized- At this time, the 
excessive holes reach the electrode without accumulat- 
ing on the interface. 

[0052] Also in this case, the amount of dark electrons 
added to the charge of the latent image of the recording 
radiations in an offset manner can be suppressed very 
small, whereby a high S/N ratio can be easily obtained. 
[0053] From the viewpoint of the S/N ratio the latter 
case is preferred over the former. This is because, in the 
latter case, the dark resistance of the read-out photo- 
conductive layer is large and fading of the signals before 
read-out is finished can be prevented. 
[0054] Also in the case where a residual latent image 
exists, the latter case is preferred. 
[0055] Further when some barrier to injection of 
charge (holes) is formed between the charge transport 
layer and the recording photoconductive layer, a small 
amount of holes can accumulate there. However this 
phenomenon often results in a preferable effect. That is, 
the band structure of the read-out photoconductive layer 
is flattened by the holes accumulating at the barrier and 
the photoelectric effect generated at the contact inter- 
face of the light incident side electrode and the photo- 
conductive layer is cancelled, thereby suppressing a 
noise current. 

[0056] On the other hand, when reading out the elec- 
trostatic latent image recorded on the electrostatic 
recording member, the read-out electromagnetic wave 
can be projected from the read-out photoconductive 
layer side which is relatively thin. Accordingly, the elec- 
trostatic latent image can be read out at a high speed 
under a strong electric field without applying a high 
electric voltage. Further since there hardly remains 
charge on the electrostatic recording member after 
read-out, another latent image can be recorded on the 
electrostatic recording member without erasing proc- 
ess. This basically eliminates necessity of an exposure 
means for the erasing process and simplifies the read- 
out apparatus. 

[0057] Further when the recording photoconductive 
layer is 50 um to 1000 urn in thickness, the photocon- 
ductive layer can absorb a sufficient amount of record- 
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ing radiations and accordingly the amount of charge of 
the latent image can be sufficient, whereby a high S/N 
ratio can be obtained. 

[0058] Further when the read-out photoconductive 
layer also exhibits conductivity upon exposure to the s 
recording radiations, accumulation of excessive charge 
can be prevented and the dark current which is substan- 
tially proportional to accumulating charge can be made 
small upon read-out of the electrostatic latent image, 
whereby the S/N ratio of the image read out can be 10 
improved. 

[0059] Further when a wavelength conversion layer is 
provided to convert radiations such as X-rays to visible 
light in a different wavelength range and an electrostatic 
latent image is recorded by exposing the recording pho- 15 
toconductive layer to the wavelength-converted visible 
light as in the second aspect of the present invention, 
generating efficiency of charged pairs generated by the 
visible light in the recording photoconductive layer is 
increased, and the amount of X-rays to be projected can 20 
be reduced, which results in reduction of dosage to the 
object. 

[0060] Since the recording photoconductive layer 
which exhibits conductivity upon exposure to visible 
light may be relatively small in thickness and accord- 25 
ingly efficiency in taking up the signal can be increased. 
[0061] When the wavelength conversion layer con- 
verts the recording radiations also to visible light in a 
second wavelength range different from said wave- 
length range, and the read-out photoconductive layer 30 
exhibits conductivity upon exposure to the visible light in 
the second wavelength range, accumulation of exces- 
sive charge can be prevented and the dark current 
which is substantially proportional to accumulating 
charge can be made small upon read -out of the electro- 35 
static latent image, whereby the S/N ratio of the image 
read out can be improved. 

[0062] Various photoconductive layers may be 
employed as the read-out photoconductive layer as 
described above. However when the read-out photo- 40 
conductive layer of the electrostatic recording member 
exhibits a high sensitivity to an electromagnetic wave in 
a wavelength range of a near ultraviolet region to a blue 
region (300 to 550nm) and a low sensitivity to an elec- 
tromagnetic wave in a red region (not shorter than 45 
700nm), the band gap is large and generation of a dark 
current due to heat can suppressed, whereby noise due 
to a dark current can be reduced. 
[0063] When the charge transport layer is larger in the 
mobility of charge in the direction of thickness of the so 
layer than that in a direction parallel to the layer, the 
charge is apt to move at a high speed in the direction of 
thickness of the layer and is not apt to move in the hori- 
zontal direction, whereby the sharpness can be 
improved. 55 
[0064] When the charge transport layer includes at 
least a first charge transport layer formed of a material 
which substantially acts as an insulator to a charge in 
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the same polarity as a charge placed on the first con- 
ductive layer (will be referred to as "the latent image 
charge", hereinbelow) and a second charge transport 
layer formed of a material which substantially acts as a 
conductive body to a charge in the polarity reverse to 
the latent image charge (will be referred to as "the trans- 
fer charge", hereinbelow) with the first and second 
charge transport layers superposed so that the first 
charge transport layer faces toward the recording pho- 
toconductive layer and the second charge transport 
layer faces toward the read-out photoconductive layer, 
the second charge transport layer contributes to trans- 
ferring the transfer charge at a high speed and the first 
charge transport layer acts as a strong insulator to the 
latent image charge, whereby the charge transport layer 
can be optimal. 

[0065] The charge transport layer may comprise three 
or more layers. In this case, the layers should be 
arranged in the order of insulating force to the latent 
image charge and the conductivity to the transfer 
charge so that the insulating force to the latent image 
charge becomes stronger toward the recording photo- 
conductive layer and the conductivity to the transfer 
charge becomes higher toward the read-out photocon- 
ductive layer. 

[0066] By selecting the material of the charge trans- 
port layer and/or employing a multiple-layer structure, 
the mobility of the transfer charge can be increased and 
accordingly the thickness of the charge transport layer 
need not be limited, whereby a high response and a 
large charge storage ability can be simultaneously 
obtained. Further since trap of the carriers on the 
charge transport layer can be made small, an afterim- 
age is not apt to remain even if the charge transport 
layer is larger in thickness. 

[0067] When a blocking layer is interposed between 
the first conductive layer and the recording photocon- 
ductive layer and/or between the second conductive 
layer and the read-out photoconductive layer, injection 
of charge into the recording photoconductive layer or 
the read-out photoconductive layer from the conductive 
layer which can generate a noise component in the 
image read out can be prevented. Further by properly 
selecting the material, the thickness and the like of the 
blocking layer, injection of charge from the respective 
conductive layers can be effectively balanced and the 
S/N ratio of the image read out can be improved. 
[0068] When the sum of the thickness of the read-out 
photoconductive layer and that of the charge transport 
layer is smaller than the thickness of the recording pho- 
toconductive layer (e.g., not larger than 1/2, not larger 
than 1/10, and not larger than 1/20 of the thickness of 
the recording photoconductive layer), the electrostatic 
latent image (stored charge) can be read out under a 
strong electric field and accordingly can be read out at a 
high speed. 

[0069] When the mobility in the charge transport layer 
of the charge to be stored as an electrostatic latent 
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image is sufficiently smaller than the charge in the 
polarity reverse thereto (e.g., not larger than 1/10 2 and 
more preferably not larger than 1/1 0 3 ), the charge can 
be more surely stored and retainability of the electro- 
static latent image can be improved. 

[0070] Further when the second conductive layer on 
the read-out photoconductive layer is in the form of a 
comb electrode, the stored charge can be concentrated 
on the teeth of the electrode and the stored charge is 
separated by the teeth, whereby the sharpness of the 
electrostatic latent image can be improved in the direc- 
tion of the row of the teeth. In this case, when the sum 
of the thickness of the read-out photoconductive layer 
and that of the charge transport layer is substantially the 
same as the pitch of the teeth, which corresponds to the 
pixel pitch, or smaller than the same, the sharpness of 
the electrostatic latent image can be further improved. 
[0071] Further the comb electrode for read-out 
reduces the area of the read-out electrode and the 
effective capacity formed between the read-out elec- 
trode and the interface where the electrostatic latent 
image is formed (with the read-out photoconductive 
layer and the charge transport layer intervening there- 
between) is reduced. On the other hand, the capacity 
formed between the recording electrode and the inter- 
face (intervening therebetween the recording photocon- 
ductive layer) is hardly affected. As a result, the signal 
taking efficiency can be increased though the thickness 
of the charge transport layer and the read-out photocon- 
ductive layer is smaller than that of the recording photo- 
conductive layer. 

[0072] Further since a read-out exposure means 
which causes a line image of a read-out electromag- 
netic wave which is substantially uniform in intensity can 
be used, the read-out exposure means may be simple in 
structure. Since the comb electrode for read -out 
reduces the area of the read-out electrode, the distrib- 
uted capacity can be small and influence of noise can 
be suppressed. Further the pixel pitch can be fixed to 
the teeth pitch of the comb electrode and image data on 
the electrostatic latent image read out can be corrected 
depending on the arrangement of the teeth, whereby 
structure noise can be corrected. 
[0073] The strength of the electric field during read- 
out is concentrated on the teeth, which increases the 
effective strength of the electric field and promotes sep- 
aration of the electric field, whereby the sharpness and 
the intensity of the signals upon read-out can be 
increased. This effect is especially increased when the 
width of each tooth of the comb electrode is not larger 
than 75% of the pitch of the teeth. When the portions of 
each tooth between pixels arranged in the longitudinal 
direction of the tooth is untransparent to the read-but 
electromagnetic wave, the line image of the recording 
radiations can be converted to a spot image, whereby 
the image can be read out a higher sharpness. Further 
when the sum of the thickness of the read-out photo- 
conductive layer and that of the charge transport layer is 



substantially the same as the pitch of the teeth or 
smaller than the same, portions where substantially no 
electric field exists can be clearly formed on the inter- 
face of the recording photoconductive layer and the 
5 charge transport layer, whereby the sharpness can be 
further improved. 

[0074] When a comb electrode for recording whose 
teeth extend substantially in perpendicular to those of 
the comb electrode for read-out is provided, the electric 

to field distribution is concentrated on the intersections of 
the teeth of the comb electrodes for recording and read- 
out and the charges are concentrated on the intersec- 
tions, whereby an electrostatic latent image which is 
high in sharpness also in the longitudinal direction of 

75 teeth can be recorded. Further the capacity of the 
charge transport layer and the read-out photoconduc- 
tive layer can be effectively reduced and the signal tak- 
ing efficiency upon read-out can be increased. By 
making the width of each tooth of the comb electrode 

20 not larger than 75% of the pitch of the teeth and/or mak- 
ing untransparent the interspaces between the teeth of 
the comb electrode for recording, this effect is further 
increased. 

[0075] Since the electrostatic latent image recording 
25 apparatus of the present invention is for recording an 
electrostatic latent image on the aforesaid electrostatic 
recording member, it can record an electrostatic latent 
image only by electrifying the conductive layers on 
opposite sides of the three-layer structure, i.e., the 
30 recording photoconductive layer, the charge transport 
layer and the read-out photoconductive layer, at a pre- 
determined potential. Accordingly it may be very simple 
in structure. Especially even when recording an electro- 
static latent image on the electrostatic recording mem- 
35 ber provided with a comb electrode for recording, the 
electrostatic latent image recording apparatus need not 
be modified but can record the electrostatic latent image 
by simply changing the electrode to which it applies an 
electric voltage. By such a simple operation, the sharp- 
ed ness can be greatly improved in the longitudinal direc- 
tion of the teeth. 

[0076] By projecting a predetermined amount of elec- 
tromagnetic radiations onto the second conductive layer 
before the recording radiations are projected onto the 

45 first conductive layer, an unnecessary charge which has 
been stored on the electrostatic recording member can 
be removed, whereby problems of an afterimage or 
deterioration in the S/N ratio due to the unnecessary 
charge can be overcome. 

so [0077] Since the electrostatic latent image read-out 
apparatus of the present invention is for reading out an 
electrostatic latent image on the aforesaid electrostatic 
recording member, it can project the read-out electro- 
magnetic wave from the read-out photoconductive layer 

55 side which is relatively thin when reading out the elec- 
trostatic latent image recorded on the electrostatic 
recording member. Accordingly, the electrostatic latent 
image can be read out at a high speed under a strong 
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electric field. Further since there hardly remains charge 
on the electrostatic recording member after read-out, 
another latent image can be recorded on the electro- 
static recording member without erasing process. 
Accordingly the electrostatic latent image read-out 5 
apparatus of the present invention need not be provided 
with an exposure means for the erasing process and 
may be simple in structure. As the read-out exposure 
means, those which emit a laser beam can be 
employed, and in the case of the electrostatic recording w 
member provided with a comb electrode for read-out, 
the read -out exposure means may be a line source. 
That is, the read-out exposure means need not be spe- 
cial or need not be provided with a special light source. 
[0078] When the read-out exposure means projects 15 
the read-out electromagnetic wave like a pulse onto 
each pixel, a large detecting current can be obtained 
when reading out the electrostatic latent image, 
whereby the S/N ratio can be improved. 
[0079] Specifically, operational amplifiers may be 20 
used, integrating capacitors may be used to detect 
stored charges pixel by pixel, and a bias voltage may be 
applied. In any case, the electrostatic latent image can 
be read out with a very simple arrangement. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0080] 

Figure 1 is a cross-sectional view of an electrostatic 30 
recording member in accordance with a first 
embodiment of the present invention, 
Figure 2 is a schematic view showing an electro- 
static latent image recording and read-out appara- 
tus using the electrostatic recording member, 35 
Figures 3A to 3D are views for illustrating the 
method of recording an electrostatic latent image 
on the electrostatic recording member, 
Figures 4A to 4D are views for illustrating the 
method of reading out an electrostatic latent image 40 
from the electrostatic recording member, 
Figure 5 is a view showing a circuit equivalent to the 
electrostatic recording member (a capacitor 
model), 

Figures 6 is a view representing the method of 45 
reading out an electrostatic latent image from the 
electrostatic recording member on the basis of the 
capacitor model shown in Figure 5, 
Figure 7 is a view showing the relation between the 
amount of recording light passing through the so 
object and the amount of stored charge, 
Figures 8A to 8C are views for illustrating the 
method of recording an electrostatic latent image 
on an electrostatic recording member in accord- 
ance with a second embodiment of the present 55 
invention, 

Figure 9 is a view for illustrating the method of 
recording an electrostatic latent image on an elec- 
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trostatic recording member in accordance with a 
third embodiment of the present invention, 
Figure 1 0A is a cross-sectional view of an electro- 
static recording member in accordance with a 
fourth embodiment of the present invention, 
Figure 1 0B is a cross-sectional view of a modifica- 
tion of the electrostatic recording member of the 
fourth embodiment, 

Figure 1 1 is a perspective view of an electrostatic 

recording member in accordance with a fifth 

embodiment of the present invention, 

Figures 12A to 12C are views for illustrating the 

method of recording an electrostatic latent image 

on the electrostatic recording member of the fifth 

embodiment, 

Figure 13A is a schematic view showing an electro- 
static latent image recording and read-out appara- 
tus for reading out the electrostatic latent image 
from the electrostatic recording member of the fifth 
embodiment, 

Figure 13B is a block diagram of the electrostatic 
latent image recording and read-out apparatus, 
Figure 14 is a view showing a modification of the 
electrostatic recording member of the fifth embodi- 
ment, 

Figure 15A is a perspective view of an electrostatic 
recording member in accordance with a sixth 
embodiment of the present invention, 
Figure 1 5B is a cross-section view of the electro- 
static recording member of the sixth embodiment 
taken along a plane parallel to X-Z plane, 
Figure 15C is a cross-section view of the electro- 
static recording member of the sixth embodiment 
taken along a plane parallel to X-Y plane, 
Figures 16A to 16D are views for illustrating the 
electric field distribution in the electrostatic record- 
ing member of the sixth embodiment, 
Figures 17A to 17E are views for illustrating the 
operation of an example of an electrostatic latent 
image read-out apparatus for reading out an elec- 
trostatic latent image from an electrostatic record- 
ing member of the present invention, 
Figure 18 is a schematic view showing another 
example of an electrostatic latent image read-out 
apparatus for reading out an electrostatic latent 
image from an electrostatic recording member of 
the present invention, 

Figure 19 is a schematic view showing still another 
example of an electrostatic latent image read-out 
apparatus for reading out an electrostatic latent 
image from an electrostatic recording member of 
the present invention, 

Figure 20 is a timing chart showing the relation 
among the pre-exposure, exposure to the recording 
light, exposure to the read-out light, application of a 
high electric voltage and storage of charge on the 
electrostatic recording member, and 
Figure 21 is a schematic view showing a still 
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another example of an electrostatic latent image 
read-out apparatus for reading out an electrostatic 
latent image from an electrostatic recording mem- 
ber of the present invention where the pre-exposure 
is carried out. 5 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0081] In Figure 1 , an electrostatic recording member w 
10 in accordance with a first aspect of the present 
invention comprises a first conductive layer 1 which 
transmits recording radiations L1 such as X-rays (will be 
referred to as "the recording light L1", hereinbelow), a 
recording photoconductive layer 2 which exhibits con- 15 
ductivity upon exposure to the recording light L1 pass- 
ing through the first conductive layer 1, a charge 
transport layer 3 which substantially acts as an insulator 
to a charge in the same polarity as a charge placed on 
the first conductive layer 1 (latent image charge: e.g., a so 
negative charge) and substantially acts as a conductive 
body to a charge (transfer charge: e.g., a positive 
charge) in the polarity reverse to the latent image 
charge, a read-out photoconductive layer 4 which exhib- 
its conductivity upon exposure to a read-out electro- 25 
magnetic wave 12 (will be referred to as "the read-out 
light" hereinbelow), and a second conductive layer 5 
which transmits the read-out light 12. These layers are 
superposed one on another in this order. 
[0082] Each of the conductive layers 1 and 5 may 30 
comprise, for instance, a glass plate provided with a uni- 
form coating of a conductive material (nesa film or the 
like). The recording photoconductive layer 2 may com- 
prise, for instance, a photoconductive material which 
contains as a major component at least one of a-Se, 35 
lead oxides (li) such as PbO, Pbl 2 , and the like, iodine 
oxides (II), Bi 12 (Ge,Si)0 2 o. and Bi 2 l3/organic polymer 
nanocomposites. 

[0083] Preferably the charge transport layer 3 is as 
large as possible in the difference between the mobility 40 
in the layer of the latent image charge placed on the first 
conductive layer 1 (e.g. t a negative charge) and that of 
the transfer charge reverse to the latent image charge 
(e.g., not smaller than 10 2 , preferably not smaller than 
10 3 ). For instance, the charge transport layer 3 may 45 
comprise an organic compound such as poly-N-vinyl- 
carbazole (PVK), N,N^diphenyl-NN'-bis(3-methylphe- 
nyl)-[1,1'-biphenyl ]-4,4 -diamine (TPD) and discotic 
liquid crystal, dispersion of TPD in polymer (polycar- 
bonate, polystyrene, PUK), and a semiconductor mate- so 
rial such as a-Se doped with 10 to 200ppm of CI. 
Among those, organic compounds (PVK, TPD, disco- 
matic liquid crystal) are advantageous in that they are 
insensitive to light and in they are generally low in die- 
lectric constant, which results in reduction in the capac- 55 
ity of the charge transport layer 3 and the read-out 
photoconductive layer 4 and increase in the signal tak- 
ing efficiency upon read-out. The expression "insensi- 



tive to light" means that the material hardly exhibits 
conductivity upon exposure to the recording light L1 
and/or the read-out light L2. 

[0084] The read-out photoconductive layer 4 is prefer- 
ably of a photoconductive material containing as a 
major component at least one of a-Se, Se-Te, Se-As-Te, 
nonmetal phthalocyanine and metallophthalocyanine 
such as MgPc (magnesium phthalocyanine), VoPc 
(phase II of vanadyl phthalocyanine) and CuPc (copper 
phthalocyanine). 

[0085] In order to absorb sufficient amount of the 
recording light Li , the recording photoconductive layer 
2 is preferably not smaller than 50 urn and not larger 
than 1000 urn in thickness. In this particular embodi- 
ment, the recording photoconductive layer 2 is about 
500 urn in thickness. The sum of the thickness of the 
read-out photoconductive layer 4 and that of the charge 
transport layer 3 is preferably not larger than 1/2 of the 
thickness of the recording photoconductive layer 2 and 
as the sum becomes smaller (not larger than 1/10, 
1/20), the response upon read-out (to be described 
later) is improved. 

[0086] The method of recording image information as 
an electrostatic latent image on the electrostatic record- 
ing member 10 and reading out the recorded electro- 
static latent image will be described, hereinbelow. 
[0087] Figure 2 is a schematic view showing an elec- 
trostatic latent image recording and read-out apparatus 
using the electrostatic recording member 1 0. The appa- 
ratus comprises an electrostatic recording member 10, 
a recording light projecting means 90, a power source 
60, an electric current detecting means 70, a read-out 
exposure means 92, an on-off switch S1 and a change- 
over switch S2. The recording section is formed by the 
electrostatic recording member 10, the power source 
60, the recording light projecting means 90 and the on- 
off switch S1 , and the read-out section is formed by the 
electrostatic recording member 10, the current detect- 
ing means 70, the read-out exposure means 92 and the 
change-over switch S2. 

[0088] The first conductive layer 1 of the electrostatic 
recording member 10 is connected to the negative pole 
of the power source 60 by way of the on-off switch S1 
and to the movable contact of the change-over switch 
S2. The change-over switch S2 has a pair of fixed con- 
tacts, one connected to the current detecting means 70 
and the other grounded. The second conductive layer 5 
of the electrostatic recording member 10 and the posi- 
tive pole of the power source 60 are also grounded. The 
current detecting means 70 comprises an operational 
amplifier (detecting amplifier) 70a and a feedback resis- 
tor 70b which form a so-called current/voltage conver- 
sion circuit. 

[0089] An object 9 having a part 9a transparent to the 
recording light L1 and a part 9b untransparent to the 
recording light L1 is placed on the upper surface of the 
first conductive layer 1 and is uniformly exposed to the 
recording light L1 by the recording light projecting 
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means 90. The read-out exposure means 92 causes the 
read-out light L2 such as an infrared laser beam to scan 
the electrostatic recording member 10 in the direction of 
the arrow in Figure 2. It is preferred that the read-out 
light L2 scans the electrostatic recording member 10 in 
the form of a beam spot of a small diameter. 
[0090] The procedure of recording an electrostatic 
latent image and reading out the electrostatic latent 
image in the apparatus will be described, hereinbelow. 
First the procedure of recording an electrostatic latent 
image will be described with reference to the charge 
model shown in Figures 3A to 3D. With the change-over 
switch S2 in its neutral position (where the movable con- 
tact is connected to neither of the ground and the cur- 
rent detecting means 70), the on-off switch S1 is closed 
to apply a DC voltage of the power source 60 between 
the first conductive layer 1 and the second conductive 
layer 5, thereby placing a negative charge on the first 
conductive layer 1 and a positive charge on the second 
conductive layer 5 as shown in Figure 3A. Thus a paral- 
lel electric field is established between the first and sec- 
ond conductive layers 1 and 5. 
[0091] Then the recording light L1 is uniformly pro- 
jected onto the object 9 from the recording light project- 
ing means 90. The recording light L1 passes through 
the transparent portion 9a of the object 9 and the first 
conductive layer 1 and impinges upon the recording 
photoconductive layer 2. The recording photoconduc- 
tive layer 2 becomes conductive upon exposure to the 
recording light L1. Specifically the resistance of the 
recording photoconductive layer 2 changes according to 
the amount of the recording light L1 impinging there- 
upon due to formation of charged pairs, electrons (neg- 
ative 0) and holes (positive ©), as shown in Figure 3B. 
As the amount of the recording light L1 impinging upon 
the recording photoconductive layer 2 increases, the 
resistance of the photoconductive layer 2 becomes 
smaller. 

[0092] The positive charges generated in the record- 
ing photoconductive layer 2 travel through the photo- 
conductive layer 2 toward the first conductive layer 1 at 
a high speed and encounter the negative charges on 
the first conductive layer 1 at the interface of the first 
conductive layer 1 and the recording photoconductive 
layer 2 to be nullified. (See Figures 3C and 3D) On the 
other hand, the negative charges generated in the 
recording photoconductive layer 2 travel through the 
photoconductive layer 2 toward the charge transport 
layer 3. Since the charge transport layer 3 acts as an 
insulating body to the charge which is the same in polar- 
ity as the charge placed on the first conductive layer 1 
(negative charge in this particular embodiment) as 
described above, the negative charges travelling toward 
the charge transport layer 3 are stopped at the interface 
of the recording photoconductive layer 2 and the charge 
transport layer 3 and stored there. (See Figures 3C and 
3D) The amount of the stored charges is determined by 
the amount of negative charges generated in the 



recording photoconductive layer 2, i.e., the amount of 
the recording light L1 passing through the object 9. 
[0093] The portion of the electrostatic recording mem- 
ber 10 just below the untransparent portion 9b of the 
5 object 9, through which the recording light L1 cannot 
pass, is kept unchanged as can be seen from Figures 
3B to 3D. 

[0094] Thus by exposing the object 9 to the recording 
light LI, charges are stored on the interface of the 
w recording photoconductive layer 2 and the charge trans- 
port layer 3 in a pattern corresponding to the image of 
the object 9. As can be understood from the description 
above, the electrostatic latent image recording system 
for recording to a electrostatic latent image on the elec- 
ts trostatic recording member 10 of the first embodiment 
can be very simple in structure and the recording oper- 
ation is very simple. 

[0095] Now the procedure of reading out an electro- 
static latent image will be described with reference to 

20 the charge model shown in Figures 4A to 4D. The on-off 
switch S1 is first opened to cut power supply to the elec- 
trostatic recording member 10. Then the movable con- 
tact of the charge-over switch S2 is connected to the 
ground to electrify the first and second conductive lay- 

25 ers 1 and 5 of the electrostatic recording member 10 at 
the same potential, thereby rearranging the charges. 
(See Figure 4A) Thereafter the movable contact of the 
charge-over switch S2 is switched to the current detect- 
ing means 70. 

30 [0096] Then the read-out light L2 is caused to scan the 
second conductive layer 5 by the read-out exposure 
means 92. The read-out light L2 passes through the 
second conductive layer 5 and impinges upon the read- 
out photoconductive layer 4. The read-out photocon- 

35 ductive layer 4 becomes conductive upon exposure to 
the read-out light 12. This is due to formation of charged 
pairs, electrons (negative 0) and holes (positive $), as 
shown in Figure 4B. 

[0097] The smaller the sum of the thicknesses of the 

40 read-out photoconductive layer 4 and the charge trans- 
port layer 3, the better. A very strong electric field is 
established by the stored charges (negative charges) 
between the second conductive layer 5 and the inter- 
face of the read-out photoconductive layer 4 and the 

45 charge transport layer 3, and the strength of the electric 
field increases as the sum of the thicknesses of the 
read-out photoconductive layer 4 and the charge trans- 
port layer 3 becomes smaller. Since the charge trans- 
port layer 3 acts as a conductive body to a positive 

so charge, the positive charges generated in the read-out 
photoconductive layer 4 travel at a high speed through 
the charge transport layer 3 attracted by the stored 
charges and encounter the stored charges at the inter- 
face of the recording photoconductive layer 2 and the 

55 charge transport layer 3 to be nullified. (See Figure 4C) 
On the other hand, the negative charges generated in 
the read-out photoconductive layer 4 encounter the pos- 
itive charges on the second conductive layer 5 and are 
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I nullified. (See Figure 4C) The read-out photoconductive 

layer 4 is exposed to a sufficient amount of the read-out 

! light L2 and accordingly all the stored charges on the 

interface of the recording photoconductive layer 2 and 

j the charge transport layer 3, that is, the electrostatic 

| latent image, are nullified. This means that an electric 

current I flows through the electrostatic recording mem- 
ber 10 by movement of the charges. This can be repre- 
sented by an equivalent circuit shown in Figure 4D. 

[0098] As described above, as the sum of the thick- 
nesses of the read-out photoconductive layer 4 and the 
charge transport layer 3 becomes smaller, a stronger 
electric field is established and the charges move at a 
higher speed, whereby read-out can be effected at a 
higher speed. Further when the mobility in the charge 
transport layer 3 of the negative charges is sufficiently 
smaller than the positive charges (e.g., not larger than 
1/10 3 ), the charges can be more surely stored and 
retainability of the electrostatic latent image can be 
improved. 

[0099] The procedure of recording and reading out the 
electrostatic latent image described above will be briefly 
described with reference to the capacitor model shown 
in Figure 5. In Figure 5, C a (* stands for 1, 2 • • • •, 
n and basically represents a pixel) represents a distrib- 
uted capacity in the recording photoconductive layer 2. 
C b (* stands for 1. 2 ■ • • • , n and basically repre- 
sents a pixel) represents a distributed capacity in the 
charge transport layer 3 and the read-out photoconduc- 
tive layer 4, SW. a (* stands for 1 , 2 • • • • , n and basi- 
cally represents a pixel) represents a photo-switch in 
| the recording photoconductive layer 2, SW- b (* stands 

| for 1 , 2 • • • • , n and basically represents a pixel) rep- 

resents a photo-switch in the charge transport layer 3 
and the read-out photoconductive layer 4, R- a (* stands 
for 1 , 2 • * • • , n and basically represents a pixel) rep- 
resents a variable resistor in the recording photocon- 
ductive layer 2 depending upon the amount of light, and 
R* b (* stands for 1, 2 • • • • , n and basically repre- 
sents a pixel) represents a variable resistor in the 
charge transport layer 3 and the read-out photoconduc- 
tive layer 4 depending upon the amount of light. Figure 
6 is a view for illustrating the procedure of recording and 
reading out the electrostatic latent image on the basis of 
the capacitor model shown in Figure 5 separately for the 
transparent portion 9a and the untransparent portion 9b 
of the object 9. In the recording process, the distributed 
capacities C* a and C. b are charged in response to appli- 
cation a DC voltage Ed to the electrostatic recording 
member 10. (See Figure 6-A) 

[01 00] In the portion corresponding to the transparent 
portion 9a, the photo-switches SW- a are closed in 
response to exposure to the recording light L1 and the 
resistances of the variable resistors R- a vary according 
to the amount of the recording light L1 passing through 
■i the first conductive layer 1 , whereby only the distributed 

capacities C- b are held charged. (See Figure 6-B) This 
is the electrostatic latent image recording process and 



the electrostatic latent image is recorded on the distrib- 
uted capacities C* b . Thereafter the power source 60 is 
disconnected and the distributed capacities C« b are 
connected to the distributed capacities thereby 

5 equalizing the potentials of the distributed capacities 
C- a and C- b . (Figure 6-C) Then when the read-out pho- 
toconductive layer 4 is exposed to the read-out light L2, 
the photo-switches SW- b are closed and the resistances 
of the variable resistors R- b vary according to the 

10 amount of the read-out light L2 passing through the sec- 
ond conductive layer 5, whereby an electric current I 
flows from the distributed capacities C- a> i.e., the elec- 
trostatic latent image is read out. (Figure 6-D) 

[0101] On the other hand, in the portion correspond- 
15 ing to the untransparent portion 9b, the photo-switches 
SW-a are not closed by the recording light L1 and the 
distributed capacities C- a and C- b are kept unchanged. 
(Figure 6-E) Accordingly when the distributed capacities 
C- a and C- b are connected upon read-out. both the dis- 
20 tributed capacities C a and C- b are discharged. (Figure 
6-F) Accordingly even rf the read-out photoconductive 
layer 4 is exposed to the read-out light L2, no electric 
current flows from the distributed capacities C- a . (Figure 
6-G) 

25 [0102] By thus detecting the electric current flowing 
from the electrostatic recording member 10 while scan- 
ning the read-out photoconductive layer 4 with the read- 
out light 12, the stored charges on the respective por- 
tions of the interfaces (corresponding to the pixels) can 

30 be read out in sequence, whereby the electrostatic 
latent image is read out. Since a very strong electric 
field is established between the second conductive layer 
5 and the interface of the charge transport layer 3 and 
the recording photoconductive layer 2, the stored 

35 charges can be nullified at a very high speed, which 
results in a very high response in reading out the elec- 
trostatic latent image. 

[0103] Generally when reading out an electrostatic 
latent image, a dark current also flows in proportion to 

40 the amount of all the stored charges in addition to the 
signal current which flows when the stored charges are 
nullified. Accordingly the signal current is detected rid- 
ing over the dark current. The dark current forms noise 
in the electrostatic latent image read out. In this embod- 

45 iment, the amount of the stored charges is proportional 
to the intensity of the recording light L1 passing through 
the object 9. Accordingly when the recording light L1 
passing through the object 9 is weak, the amount of 
stored charges is small and the amount of the dark cur- 

50 rent is small, whereby the electrostatic latent image 
read out is high in quality. Further since there hardly 
remains charge on the electrostatic recording member 
10 after the electrostatic latent image is thus read out, 
another latent image can be recorded on the electro- 

55 static recording member 10 without erasing process. 
[0104] The electrostatic recording member 10 of this 
embodiment may be formed of any suitable materials 
without limited to those described above. 
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[0105] For example, when as the charge transport 
layer 3, a layer in which the mobility of charge in the 
direction of thickness of the layer is larger than that in a 
direction parallel to the layer is employed, the charge is 
apt to move at a high speed in the direction of thickness 
of the layer and is not apt to move in the horizontal 
direction, whereby the sharpness can be improved. Pre- 
ferred materials for forming such a charge transport 
layer include, for instance, discotic liquid crystals, hexa- 
pentyloxytriphenylene (See Physical Review LETTERS 
70.4, 1933), and discotic liquid crystals whose core has 
a Tt-conjugation condensed ring or transition metal (See 
EKISHO, Vol No.1, 1997, P55). 
[0106] When the charge transport layer 3 includes at 
least a first charge transport layer formed of a material 
which substantially acts as an insulator to a charge in 
the same polarity as a charge placed on the first con- 
ductive layer 2 (the latent image charge) and a second 
charge transport layer formed of a material which sub- 
stantially acts as a conductive body to a charge in the 
polarity reverse to the latent image charge (the transfer 
charge) with the first and second charge transport lay- 
ers superposed so that the first charge transport layer 
faces toward the recording photoconductive layer 2 and 
the second charge transport layer faces toward the 
read-out photoconductive layer 4, the second charge 
transport layer contributes to transferring the transfer 
charge at a high speed and the first charge transport 
layer acts as a strong insulator to the latent image 
charge, whereby the charge transport layer can be opti- 
mal. Specifically it is preferred that the first charge 
transport layer be a layer consisting of at least one of 
PVK and TPD and the second charge transport layer be 
an a-Se layer doped with CI of 10 to 200ppm. In this 
case, it is preferred that the second charge transport 
layer is larger in thickness than the first charge transport 
layer. 

[0107] As compared with a layer of TPD, a layer of 
PVK is stronger in the insulating force to a negative 
charge (the latent image charge in this embodiment). 
On the other hand, a layer of TPD is higher in the con- 
ductivity to a positive charge (the transfer charge in this 
embodiment) than a layer of PVK. Accordingly the first 
and second charge transport layers may be a layer of 
PVK and a layer of TPD, respectively. 
[0108] The charge transport layer may 3 comprise 
three or more layers. In this case, the layers should be 
arranged in the order of insulating force to the latent 
image charge and the conductivity to the transfer 
charge so that the insulating force to the latent image 
charge becomes stronger toward the recording photo- 
conductive layer 2 and the conductivity to the transfer 
charge becomes higher toward the read-out photocon- 
ductive layer 4. 

[0109] When the read-out photoconductive layer 4 is 
layer which exhibits a high sensitivity to an electromag- 
netic wave in a wavelength range of a near ultraviolet 
region to a blue region (300 to 550nm) and a low sensi- 



tivity to an electromagnetic wave in a red region (not 
shorter than 700nm), the band gap is large and genera- 
tion of a dark current due to heat can suppressed, 
whereby noise due to a dark current can be reduced 

5 when the read-out light L2 is in a wavelength range of a 
near ultraviolet region to a blue region. Specifically such 
a read-out photoconductive layer 4 can be formed of a 
material containing as a major component at least one 
of a-Se, Pbl 2 . Bi 12 (Ge,Si)0 2 o. perylene-bis-imide (R=n- 

70 propyl), and perylene-bis-imide (R=n-neopentyl). 

[0110] An electrostatic recording member in accord- 
ance with a second embodiment of the present inven- 
tion will be described with reference to Figures 7 and 8 
(8A to 8C), hereinbelow. In Figure 8, elements analo- 

15 gous to those shown in Figure 1 will be given the same 
numerals and will not be described here. 
[01 1 1 ] The electrostatic recording member 1 1 of this 
embodiment differs from that of the first embodiment in 
that the read-out photoconductive layer 4a is formed of 

20 a material which also exhibits conductivity upon expo- 
sure to the recording light L1, e.g., a-Se, Se-Te, Se-As 
and Se-As-Te. 

[0112] A method of recording an electrostatic latent 
image on the electrostatic recording member 1 1 of this 

25 embodiment using the recording and read-out appara- 
tus shown in Figure 2 will be described, hereinbelow. 
Though the operation of the apparatus is the same as in 
the electrostatic recording member 10 of the first 
embodiment, the amount of the charges stored on the 

30 interface of the recording photoconductive layer 2 and 
the charge transport layer 3 when a large amount of 
recording light L1 is impinges upon the recording photo- 
conductive layer 2 differs from that in the first embodi- 
ment. This point will be described in detail, hereinbelow. 

35 [01 13] The amount charges generated in the record- 
ing photoconductive layer 2 is substantially proportional 
to the amount of the recording light L1 impinges upon 
the photoconductive layer 2 as shown by line a in Figure 
7. 

40 [0114] When the amount of the recording light L1 
impinging upon the recording photoconductive layer 2 is 
sufficiently large, a part of the recording light L1 
impinges upon also the read-out photoconductive layer 
4a passing through the recording photoconductive layer 

as 2 and the charge transport layer 3. Since the read-out 
photoconductive layer 4a of the electrostatic recording 
member 1 1 of this embodiment also exhibits conductiv- 
ity upon exposure to the recording light L1 , charged 
pairs are generated in the read-out photoconductive 

so layer 4a as shown in Figure 8A by the part of the record- 
ing light L1 passing through the recording photoconduc- 
tive layer 2 and the charge transport layer 3. 
[0115] An electric field has been established in the 
charge transport layer 3 by the charges on the second 

55 conductive layer 5 and the charges stored on the inter- 
face of the recording conductive layer 2 and the charge 
transport layer 3. Since the charge transport layer 3 is 
conductive to a positive charge, the positive charges 
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generated in the read-out photoconductive layer 4a are 
attracted toward the interface (Figure 8B) and encoun- 
ter the negative charges on the interface, whereby the 
positive and negative charges are nullified (Figure 8C). 
This phenomenon occurs even if the amount of record- 
ing light L1 impinging upon the recording photoconduc- 
tive layer 2 is small. However since the amount of 
charges generated in the read-out photoconductive 
layer 4a is proportional to the amount of the recording 
light L1, i.e., proportional to the amount of the stored 
charge, the amount of the stored charges still increase 
with increase in the amount of the recording light L1. 
[0116] However when the amount of the recording 
light L1 which reaches the read-out photoconductive 
layer 4a exceeds a certain value, the amount of the 
charged pairs generated in the read-out photoconduc- 
tive layer 4a is sharply increased as shown by line b in 
Figure 7 by an effect like a so-called avalanche effect. 
Accordingly in the case of the electrostatic recording 
member 11 of this embodiment, the amount of the 
charges stored on the interface is sharply reduced in the 
range of the amount of the recording light L1 larger than 
the certain value as shown by line c in Figure 7. To the 
contrast, in the case of the electrostatic recording mem- 
ber 10 of the first embodiment where the read-out pho- 
toconductive layer 4 is insensitive to the recording light 
L1 , the amount of the stored charges is kept increased 
substantially proportional to the amount of the recording 
light LI in the same manner as the amount charges 
generated in the recording photoconductive layer 2 
shown by line a in Figure 7. 

[01 17] In order to record an electrostatic latent image 
which faithfully reflects an image of an object, it is gen- 
erally sufficient if the amount of the stored charges line- 
arly changes with the amount of the recording light L1 
impinging upon the recording photoconductive layer 2 in 
a predetermined range of the amount of the recording 
light L1 (an effective image range). Where the recording 
light Li impinges upon in an amount larger than the 
upper limit of the predetermined range corresponds to a 
blank portion of the object and does not carry an impor- 
tant image information. In such a portion, the amount of 
the stored charges need not be proportional to the 
amount of the recording light L1 but it is more important 
that the charges are not stored in an excessive amount 
since an excessive amount of the stored charges 
increases a dark current which deteriorates the S/N 
ratio of the image read out. 

[01 1 8] Thus in the electrostatic recording member 1 1 
of this embodiment, the stored charges are prevented 
from being stored in an excessive amount and deterio- 
ration in the S/N ratio of the image read out due to the 
dark current can be prevented. The electrostatic record- 
ing member 11 of this embodiment can be easily 
applied to the recording and read-out apparatus shown 
in Figure 2 by simply replacing the electrostatic record- 
ing member 1 0 of the first embodiment with the electro- 
static recording member 1 1 of this embodiment. 



[01 19] An electrostatic recording member in accord- 
ance with a third embodiment of the present invention 
will be described with reference to Figure 9, hereinbe- 
low. In Figure 9, the elements analogous to those 
s shown in Figure 1 are given the same reference numer- 
als and will not be described here. 

[0120] The electrostatic recording member 12 of this 
embodiment differs from that of the first embodiment in 
that a wavelength conversion layer 6 is formed over the 

10 first conductive layer 1. The wavelength conversion 
layer 6 is for converting the recording light L1 which is 
generally X-rays to visible light. In this particular embod- 
iment, the wavelength conversion layer 6 is an X-ray 
scintillator which converts the recording light L1 to blue 

is light L3. Such an X-ray scintillator can be formed of cae- 
sium iodide (Csl). 

[01 21 ] The first conductive layer 1 is transparent to the 
blue light L3 and the recording photoconductive layer 2 
exhibits conductivity upon exposure to the blue light L3. 

20 These layers may be the same as those employed in the 
first and second embodiments. Since the electrostatic 
recording member 12 of this embodiment is for record- 
ing an electrostatic latent image upon exposure to the 
blue light L3, the first conductive layer 1 need not be 

25 transparent to X-rays and the recording photoconduc- 
tive layer 2 need not be sensitive to X-rays. 
[0122] The method of recording an electrostatic latent 
image on the electrostatic recording member 12 of this 
embodiment using the recording and read-out appara- 

30 tus shown in Figure 2 will be described, hereinbelow. 
[01 23] The recording light L1 impinges upon the wave- 
length conversion layer 6 after passing through the 
object 9. It is preferred that the wavelength conversion 
layer 6 is as high as possible in efficiency of converting 

35 the recording light L1 to the blue light L3. A layer of Csl 
is excellent in the wavelength conversion efficiency. The 
blue light L3 passes through the first conductive layer 1 
and impinges upon the recording photoconductive layer 
2. A recording photoconductive layer 2 of amorphous 

40 selenium exhibits conductivity at a very high efficiency 
upon exposure to the blue light L3. Accordingly, sub- 
stantially the whole blue light L3 contributes to genera- 
tion of charged pairs in the recording photoconductive 
layer 2 and a sufficient amount of charges can be stored 

45 even if the amount of the recording light L1 is reduced, 
whereby the dosage to the object can be reduced. 
[01 24] When a layer which converts the recording light 
L1 to light L4 in a different wavelength range such as a 
red region in addition to light L3 in the blue region (e.g., 

so a layer formed of a scintillator which is a mixture of 
phosphors such as Y 2 0 3 :Eu and TV0 4 :Eu emitting red 
light and phosphors such as Csl emitting blue light) is 
employed as the wavelength conversion layer 6 and a 
layer which is also sensitive to the red light L4 and 

55 exhibits conductivity upon- exposure to the red light L4 
(e.g., one formed of nonmetal phthalocyanine or metal- 
lophthaiocyanine) is employed as the read-out photo- 
conductive layer 4, a part of the red light L4 passes 
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through the recording photoconductive layer 2 and the 
charge transport layer 3 and impinges upon the read- 
out photoconductive layer 4 since the recording photo- 
conductive layer 2 of amorphous selenium is insensitive 
to the red light L4. The read-out photoconductive layer 4 
becomes conductive upon exposure to the red light L4. 
Accordingly, the stored charges are prevented from 
being stored in an excessive amount in the same man- 
ner as described above in the second embodiment and 
deterioration in the S/N ratio of the image read out due 
to the dark current can be prevented. 
[0125] An electrostatic recording member in accord- 
ance with a fourth embodiment of the present invention 
will be described with reference to Figure 10, hereinbe- 
low. In Figure 10A, the elements analogous to those 
shown in Figure 1 are given the same reference numer- 
als and will not be described here. 
[0126] As shown in Figure 10A, the electrostatic 
recording member 13 of this embodiment differs from 
the electrostatic recording member 10 of the first 
embodiment in that a blocking layer 7a is interposed 
between the first conductive layer 1 and the recording 
photoconductive layer 2. The blocking layer 7a is a bar- 
rier layer which is of Al 2 0 3 or the like about 500 A thick 
and has a barrier potential. A part of the negative 
charges placed on the first conductive layer 1 can be 
directly injected into the recording photoconductive 
layer 2 and can be stored on the interface of the record- 
ing photoconductive layer 2 and the charge transport 
layer 3. This stored charge component is not derived 
from exposure to the recording light L1 and accordingly 
forms noise. The blocking layer 7a prevents the charges 
(negative in this particular embodiment) from being 
injected into the recording photoconductive layer 2, 
thereby preventing generation of noise. 
[0127] Similarly a part of the charges placed on the 
second conductive layer 5 (positive in this particular 
embodiment) can be directly injected into the read-out 
photoconductive layer 4 and can travel through the 
charge transport layer 3 to encounter the stored 
charges on the interface of the recording photoconduc- 
tive layer 2 and the charge transport layer 3. When the 
positive encounters the stored negative charges, a part 
of the stored negative charges are nullified. This nullifi- 
cation is not derived from exposure to the read-out light 
L2 and accordingly forms noise. For the purpose of pre- 
venting the positive charges from being directly injected 
into the read-out photoconductive layer 4, a blocking 
layer 7b is interposed between the second conductive 
layer 5 and the read-out photoconductive layer 4 in an 
electrostatic recording member 1 4 shown in Figure 10B. 
[0128] An electrostatic recording member in accord- 
ance with a fifth embodiment of the present invention 
will be described with reference to Figure 1 1 . hereinbe- 
low. In Figure 11, the elements analogous to those 
shown in Figure 1 are given the same reference numer- 
als and will not be described here. 
[0129] As shown in Figure 1 1, an electrostatic record- 



ing member 15 of this embodiment differs from the elec- 
trostatic recording member 1 0 of the first embodiment in 
that the second conductive layer 5 is in the form of comb 
teeth 5a. The interspaces 5b between the teeth 5a are 
5 filled with a material which is untransparent to the read- 
out light L2. 

[0130] Though an electrostatic latent image can be 
recorded on the electrostatic recording member 15 of 
this embodiment by use of the recording and read-out 

jo apparatus shown in Figure 2, charges are stored on the 
interface between the recording photoconductive layer 2 
and the charge transport layer 3 in a manner different 
from that in the electrostatic recording member 10 of the 
first embodiment. This will be described with reference 

is to Figures 12A to 12C, hereinbelow When recording an 
electrostatic latent image, a DC voltage is first applied 
between the first conductive layer 1 and the comb teeth 
5a of the second conductive layer 5, thereby electrifying 
the conductive layers 1 and 5. This establishes a U- 

20 shaped electric field between the first conductive layer 1 
and each comb tooth 5a. Accordingly a substantially 
parallel electric field exists in the major part of the 
recording photoconductive layer 2. However there are 
formed portions 2 which are free from an electric field 

25 on the interface of the recording photoconductive layer 2 
and the charge transport layer 3 between the comb 
teeth 5a as shown in Figure 12A. Such electric field-free 
portions Z are formed more clearly as the sum of the 
thicknesses of the charge transport layer 3 and the 

30 read-out photoconductive layer 4 becomes smaller as 
compared with the thickness of the recording photocon- 
ductive layer 2 and as the ratio of the width of each 
comb tooth 5a to the pitch of the teeth 5a becomes 
smaller (preferably not larger than 75%). Further when 

35 the sum of the thicknesses of the charge transport layer 
3 and the read-out photoconductive layer 4 is substan- 
tially the same as the pitch of comb teeth or smaller than 
the same, the electric field-free portions Z are formed 
more clearly 

40 [01 31 ] When the object 9 is exposed to the recording 
light L1, the negative charges of the charged pairs gen- 
erated in the recording photoconductive layer 2 by the 
recording light L1 passing through the transparent part 
9a of the object 9 are concentrated on the comb teeth 

45 5a along the electric fields as shown in Figure 12B, 
whereby an electrostatic latent image is formed as a 
pattern of charges concentrated on the comb teeth 5a 
as shown in Figure 12C. The positive charges of the 
charged pairs generated in the recording photoconduc- 

50 tive layer 2 are attracted to the first conductive layer 1 
and nullified as in the first embodiment. 
[0132] Especially when the amount of the recording 
light L1 is small, the negative charges are concentrated 
on the center of each comb teeth 5a and stored on the 

55 interface in groups spaced from each other. The spaces 
between the groups of charges correspond to the pitch 
of the comb teeth 5a and accordingly as the pitch of the 
comb teeth becomes smaller, the sharpness (space 
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resolution) of the recorded electrostatic latent image 
increases. It is easy to form the comb teeth 5a at a suf- 
ficiently small pitch by use of a semiconductor forming 
technique. 

[0133] Procedure of recording an electrostatic latent 
image on the electrostatic recording member 15 of this 
embodiment and reading out the electrostatic latent 
image will be described with reference to the recording 
and read-out apparatus shown in Figures 13A and 13B. 
As shown in Figures 13A and 13B, the recording and 
read-out apparatus comprises an electrostatic record- 
ing member 1 5, a current detecting means 71 , a record- 
ing light projecting means 90 and a read-out exposure 
means 93. The read-out exposure means 93 is a line 
exposure means which causes a line image of a read- 
out light 12, which is substantially uniform in intensity 
and extends substantially in perpendicular to the comb 
teeth 5a, to scan the second conductive layer 5 in the 
longitudinal direction of the comb teeth 5a. When the 
electrostatic recording member 15 in which the second 
conductive layer 5 is in the form of a comb electrode is 
employed, the second conductive layer 5 may be 
scanned with a line image of the read-out light L2 
instead of a beam spot and accordingly the scanning 
optical system may be very simple in structure and can 
be manufactured at low cost. Further since an incoher- 
ent light source can be employed, generation of noise 
due to interference fringes can be prevented. Of course, 
the second conductive layer 5 may be scanned with a 
beam spot. 

[0134] The current detecting means 70 comprises a 
plurality of current detecting amplifiers 71 a connected to 
the comb teeth 5a and detects the electric current flow- 
ing through the comb teeth 5a tooth by tooth in parallel. 
The first conductive layer 1 of the electrostatic recording 
member 15 is connected to one fixed contact of a 
change-over switch 71b and the negative pole of a 
power source 71c. The positive pole of the power 
source 71 c is connected to the other fixed contact of the 
change-over switch 71b as shown in Figure 13B. 
[01 35] An electrostatic latent image is recorded on the 
electrostatic recording member 15 in the same manner 
as in the first embodiment. At this time, the movable 
contact of the change-over switch 71b is connected to 
the positive pole of the power source 71c. Thereafter 
the movable contact of the change-over switch 71b is 
connected to the first conductive layer 1. When the 
read-out photoconductive layer 4 is scanned with the 
read-out light L2, an electric current I flows to each 
comb tooth 5a from the first conductive layer 1 through 
the detecting amplifier 71a. In the detecting amplifier 
71a, an integrating capacitor 71 e is charged by the elec- 
tric current I and charges are stored in the integrating 
capacitor 71 e according to the amount of the current I, 
whereby the voltage across the integrating capacitor 
71 e is increased. Accordingly, by closing an on-off 
switch 71 f to discharge the stored charges and then 
opening the on-off switch 71f during intervals between 



pixels, the voltage across the integrating capacitor 71e 
varies from pixel to pixel according to the stored 
charges for each pixel. Thus by detecting the change in 
the voltage across the integrating capacitor 71 e, the 
5 electrostatic latent image can be read out. 

[01 36] In this embodiment, since the second conduc- 
tive layer 5 is in form of a comb electrode, the distributed 
capacities between the charge transport layer 3 and the 
read-out photoconductive layer 4 are small and the cur- 

10 rent detecting means is less apt to be affected by noise. 
Further the pixel pitch can be fixed to the pitch of the 
teeth 5a and image data on the electrostatic latent 
image read out can be corrected depending on the 
arrangement of the teeth 5a, whereby structure noise 

15 can be accurately corrected. 

[0137] Since the teeth 5a and the stored charges 
attract each other, the positive charges generated in the 
read-out photoconductive layer 4 upon exposure to the 
read -out light L2 are more apt to migrate to the interface 

20 of the recording photoconductive layer 2 and the charge 
transport layer 3 to nullify the stored charges, whereby 
the sharpness can be kept high also upon read -out. 
This effect is significant where there is less charge, that 
is, portions exposed to less recording light LI . Further 

25 since the strength of the electric field is increased near 
the teeth 5a and charged pairs are generated under the 
strong electric field, the efficiency of ionic dissociation of 
excitons is increased and quantum efficiency in genera- 
tion of the charged pairs can be close to 1 , whereby the 

30 light energy density may be reduced. Further the capac- 
ity of the charge transport layer 3 and the read-out pho- 
toconductive layer 4 can be reduced and the signal 
taking efficiency upon read-out can be increased. 
[0138] As shown in Figure 14, it is possible to make 

35 portions (hatched portions) of each tooth 5a untrans- 
parent to the read-out light L2 so that transparent por- 
tions and untransparent portions are alternately 
arranged in the longitudinal direction of the tooth 5a (the 
scanning direction) as well as making untransparent the 

40 interspaces between the teeth 5a. In this case, the 
transparent portions are arranged in a grid pattern and 
pixels adjacent to each other in the longitudinal direction 
can also be clearly separated, whereby deterioration in 
space resolution due to interference between the adja- 

45 cent pixels can be avoided. With this arrangement, 
scanning the second conductive layer 5 with a line 
image of the read-out light L2 results in scanning the 
read-out photoconductive layer 4 with a plurality of fine 
beam spots at one time. Accordingly a very high sharp- 

so ness can be obtained without highly converging the 
read-out light L2. 

[0139] An electrostatic recording member in accord- 
ance with a sixth embodiment of the present invention 
will be described with reference to Figures 15A to 15C. 
55 hereinbelow. In Figures 15A to 15C. the elements anal- 
ogous to those shown in Figure 1 1 are given the same 
reference numerals and will not be described here. 
[0140] As shown in Figures 15A to 15C, an electro- 
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static recording member 16 of this embodiment differs 
from the electrostatic recording member 15 of the fifth 
embodiment in that an insulating layer 8c and a third 
conductive layer 8 provided with a comb teeth conduc- 
tive portions 8a, both the layers being transparent to the 
read-out light L2, are superposed on the second con- 
ductive layer 5 in this order. The comb teeth 8a are sub- 
stantially in perpendicular to the comb teeth 5a on the 
second conductive layer 5. 

[0141 ] The method of recording an electrostatic latent 
image on the electrostatic recording member 16 of this 
embodiment will be described with reference to Figures 
16A to 16D, hereinbelow. 

[0142] When recording an electrostatic latent image, 
a DC voltage is applied between the first conductive 
layer 1 and comb teeth 8a of the third conductive layer 
8, thereby electrifying the first conductive layer 1 and 
comb teeth 8a. At this time, it is preferred than no volt- 
age be applied to the comb teeth 5a of the second con- 
ductive layer 5. Electric fields distributed as shown in 
Figures 16B and 16C are formed between the second 
and third conductive layers 5 and 8. That is, electric 
fields which are converged from the teeth 8a of the third 
conductive layer 8 toward the teeth 5a of the second 
conductive layer 5 and are U-shaped as seen in the lon- 
gitudinal direction of the teeth 5a are formed as shown 
in Figure 16B. At the same time, electric fields which 
diverges from the teeth 8a of the third conductive layer 
8 toward the teeth 5a of the second conductive layer 5 
and are U-shaped as seen in the longitudinal direction 
of the teeth 8a are formed as shown in Figure 16C. 
Between the first and second conductive layers 1 and 5, 
the electric fields are distributed in the same manner as 
in the fifth embodiment. As a result, a contour line-like 
electric field is established about each intersection of 
the teeth 5a of the second conductive layer 5 and the 
teeth 9a of the third conductive layer 8 as shown in Fig- 
ure 16D, where the teeth 5a and 8a are depicted over- 
lapped with each other. 

[0143] When the object 9 is exposed to the recording 
light L1 in this state, the stored charges are concen- 
trated on the intersections of the teeth 5a and 8a, 
whereby an electrostatic latent image can be recorded 
at a higher sharpness than in the electrostatic recording 
member 15 of the fifth embodiment. When the ratio of 
the width of the tooth 8a to the pitch of the teeth is small 
(e.g., not larger than 75%). the sharpness can be fur- 
ther increased. This effect is further increased by form- 
ing the interspaces 8b of the teeth 8a of a material 
which is untransparent to the read-out light 12, e.g., a 
high polymer (e.g., polyethylene) dispersed with a small 
amount of pigment such as carbon black. 
[0144] The electrostatic latent image thus recorded 
can be read out by detecting the electric current flowing 
between the first conductive layer 1 and the teeth 5a in 
the same manner as in the fifth embodiment. At this 
time, it is preferred that the teeth 8a of the third conduc- 
tive layer 8 be left as it is. Further the pixels can be fixed 



in the longitudinal directions of the teeth 5a and 8a and 
structure noise can be more accurately corrected on the 
basis of the arrangement of the teeth 5a and 8a. 
[0145] Another (a third) example of an electrostatic 
5 latent image read-out apparatus will be described, here- 
inbelow. 

[0146] In the examples described above, the read-out 
exposure means 92 or 93 is assumed to emit steady 
light. This example differs from the preceding examples 
10 in that the read-out exposure means emits the read-out 
light L2 in a pulse-like fashion. The operation of the 
read-out apparatus of this example will be described 
with reference to Figures 17A to 17E, hereinbelow. 
[01 47] When reading out an electrostatic latent image 
15 from an electrostatic recording member (e.g., the elec- 
trostatic recording member 10 of the first embodiment), 
a dark current which is substantially proportional to the 
total amount of the charges on the pixels flows as 
described above, and the dark current keeps flowing 
20 uniformly irrespective of the pixels while the current is 
detected and makes a noise component. Accordingly 
assuming that the stored charges Q (Q1 to Q3) for the 
respective pixels (width W, pitch P) are as shown in Fig- 
ure 1 7A, the currents detected when the stored charges 
25 are read out with a reading time of T1 by use of steady 
read-out light L2 are represented as the sum of the sig- 
nal current and the dark current proportional to the total 
amount of the charges as shown in Figure 17B. 
[0148] To the contrast, when the read-out exposure 
30 means emits read-out light L2 of sufficient intensity in a 
pulse-like fashion (T1>T2) as shown in Figure 17C, the 
stored charges are read out only for duration of the 
pulse light as shown in Figure 17D. Since the current is 
represented by a time differential of a charge, the 
35 shorter the reading time is, the larger the current is for a 
given amount of charge. Accordingly when the charges 
are read out with pulse light, a larger current can be 
detected as shown in Figure 17E. By reading out the 
electrostatic latent image with the read-out light l_2 emit- 
40 ted as short pulses, even small amount of charges can 
be detected as sufficiently large currents, whereby the 
S/N ratio in the image read out can be greatly improved. 
[01 49] A fifth example of the electrostatic latent image 
read-out apparatus will be described with reference to 
45 Figure 1 8, hereinbelow. In Figure 1 8, the elements anal- 
ogous to those shown in Figure 2 are given the same 
reference numerals and will not be described here. This 
example differs from the example shown in Figure 2 
only in the arrangement of the current detecting means 
so and the other part of the apparatus are not shown in 
Figure 18. In Figure 18, the electrostatic recording 
member 17 may be any one of the preceding embodi- 
ments and the read-out exposure means 95 may be any 
one of those described above. 
55 [0150] In this example, the current detecting means 
72 comprises a detecting amplifier (operational ampli- 
fier) 72a, an integrating capacitor 72b connected 
between the output and one input of the operational 
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amplifier 72a, and an on-off switch 72c connected in 
parallel to the integrating capacitor 72b. Said one input 
of the operational amplifier 72a is connected to the first 
conductive layer 1 of the electrostatic recording member 
1 7 and the other input is connected to the second con- 
ductive layer 5. 

[0151] When reading out the electrostatic latent image 
from the electrostatic recording member 17, the on-off 
switch S1 (Figure 2) is first opened to cut power supply 
to the electrostatic recording member 17. Then the 
movable contact of the charge-over switch S2 (Figure 2) 
is connected to the ground to electrify the first and sec- 
ond conductive layers 1 and 5 of the electrostatic 
recording member 10 at the same potential. Thereafter 
the movable contact of the charge-over switch S2 is 
switched to the current detecting means 72. This state 
is shown in Figure 18. 

[01 52] When the read-out photoconductive layer 4 is 
scanned with the read-out light L2 by the read -out expo- 
sure means 95, an electric current I flows from the first 
conductive layer 1 into the current detecting means 72. 
The integrating capacitor 72b is charged by the electric 
current I and charges are stored in the integrating 
capacitor 72b according to the amount of the current I. 
whereby the voltage across the integrating capacitor 
72b is increased. Accordingly, by closing the on-off 
switch 72c to discharge the stored charges and then 
opening the on-off switch 72c during intervals between 
pixels, the voltage across the integrating capacitor 72b 
varies from pixel to pixel according to the stored 
charges for each pixel. Thus by detecting the change in 
the voltage across the integrating capacitor 72b, the 
electrostatic latent image can be read out. 
[0153] The read-out apparatus of this example is 
equivalent in the effect to that shown in Figure 2 and as 
simple in structure as that shown in Figure 2. 
[0154] A sixth example of the electrostatic latent 
image read-out apparatus will be described with refer- 
ence to Figure 19, hereinbelow. In Figure 19, the ele- 
ments analogous to those shown in Figure 2 are given 
the same reference numerals and will not be described 
here. This example differs from the example shown in 
Figure 2 only in that a bias power source 73a is inserted 
between the first conductive layer 1 and input of the cur- 
rent detecting means 73. In Figure 19, the electrostatic 
recording member 1 7 may be any one of the preceding 
embodiments and the read-out exposure means 95 may 
be any one of those described above. 
[0155] In this example, the electrostatic latent image 
us read out in the same manner as that shown in Figure 
2. However by applying a bias voltage, read -out can be 
effected at a higher speed and the electrostatic latent 
image can be surely erased. Accordingly, a problem that 
residual charges generates noise in the following latent 
image can be avoided. 

[0156] The bias power source 73a may be provided 
separately from the DC power source 60 or the DC 
power source may double as the bias power source 73a 



to apply the bias voltage through a suitable switching 
means such as by changing connection of the switches 
S1 and S2. 

[01 57] Also the read-out apparatus of this example is 

5 equivalent in the effect to that shown in Figure 2 and as 
simple in structure as that shown in Figure 2. 
[01 58] A recording and read-out apparatus where pre- 
exposure is effected will be described, hereinbelow. 
First description will be made on the pre-exposure. 

10 [0159] Though basically the recording and read-out 
apparatuses described above can entirely read out the 
stored charges, a part of the stored charges sometimes 
remains on the electrostatic recording member. Further 
when a high voltage is applied to the electrostatic 

is recording member before exposing the electrostatic 
recording member to the recording light, a dark current 
is generated and charges generated by the dark current 
(dark current charges) are also stored on the electro- 
static recording member. Further for the various rea- 

20 sons, various charges are stored on the electrostatic 
recording member before exposure to the recording 
light L1 . These unnecessary charges are added to the 
charges bearing thereon the image information stored 
in response to exposure to the recording light L1 and 

25 causes an afterimage phenomenon and/or deterioration 
in the S/N ratio. 

[0160] The pre-exposure is for erasing the unneces- 
sary charges before recording an electrostatic latent 
image. 

30 [01 61 ] Figure 20 is a timing chart showing the relation 
among the pre-exposure. exposure to the recording 
light, exposure to the read-out light, application of a high 
electric voltage and storage of charge on the electro- 
static recording member. 

35 [01 62] In Figure 20, it is assumed that an unnecessary 
charge Q1 has been stored until time to. When the pre- 
exposure is effected before application of the high volt- 
age as shown by the dashed line, the charge Q1 can be 
reduced. When the high voltage is applied at time tl , a 

40 dark current charge is added to the charge which has 
been stored on the electrostatic recording member. 
Accordingly, when the pre-exposure is not effected 
before application of the high voltage, the stored charge 
amounts to Q2 and the when the pre-exposure is 

45 effected before application of the high voltage, the 
stored charge amounts to Q2' smaller than Q2. When 
the pre-exposure is effected in a period from time t2 to 
t4, the charge Q2 is reduced. Of course the residual 
charge amounts to different values depending on the 

so timing of the pre-exposure. For example, when the 
recording light L1 is projected at time t5 after the resid- 
ual charge is nullified by effecting the pre-exposure from 
time t2 to time t4 as shown by the solid line in Figure 20, 
a charge Q3 bearing thereon only image information 

55 can be stored on the electrostatic recording member. 
Accordingly, when exposing the read-out photoconduc- 
tive layer to the read-out light L2 at time t7, signals can 
be taken out on the basis of the Q3 bearing thereon only 
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image information, whereby an afterimage phenome- 
non and/or deterioration in the S/N ratio can be avoided. 
[01 63] A recording and read-out apparatus where pre- 
exposure is effected will be described with reference to 
Figure 21 , hereinbelow. This apparatus differs from that 5 
shown in Figure 2 only in that a pre-exposure means 96 
is provided in addition to the elements shown in Figure 
2. 

[0164] Predetermined light L2' is projected over the 
entire area of the second conductive layer 5 of the elec- 10 1 . 
trostatic recording member 10 before projecting record- 
ing light Li after application of the high voltage, thereby 
eliminating the charge stored on the electrostatic 
recording member 10. The pre-exposure may be initi- 
ated before application of the high voltage (period from 15 
time tO to t2 in Figure 20. At this time, the movable con- 
tact of the change-over switch S2 is held in its neutral 
position (where the movable contact is connected to 
neither of the ground and the current detecting means 
70), or in contact with the ground. When grounded, the 20 
movable contact should be moved to the neutral posi- 
tion before application of the high voltage. The light L2' 
may of the same electromagnetic wave as the read-out 
light L2 and may be smaller than the read-out light l_2 in 
amount. Since the pre-exposure is for eliminating the 25 
unnecessary charges, the light L2' may be only a partic- 
ular part of the second conductive layer 5 as required. 
[0165] The read-out exposure means 92 may double 
as the pre-exposure means 96. 

[01 66] Further the pre-exposure means 96 may com- 30 
prise an organic or inorganic electric luminescence or a 
combination of liquid crystal and a back light for the liq- 2. 
uid crystal. 

[0167] Though, in the description above, the first con- 
ductive layer 1 is electrified in a negative charge and the 35 
second or third conductive layer 5 or 8 is electrified in a 
positive charge, and negative charges are stored on the 
interface of the recording photoconductive layer 2 and 3. 
the charge transport layer 3, the conductive layers may 
be electrified in the reverse charges so that positive 40 
charges are stored on the interface. In such case, the 
hole transfer layer is changed to an electron transfer 
layer, and the conductive layers are connected to the 4. 
reverse poles of the power source upon recording. 
[0168] For example, the recording photoconductive 45 
layer 2 may comprise a-Se, lead oxides (II), iodine 
oxides (II) as in the embodiments described above, the 
charge transport layer 3 may comprise, for instance. N- 5. 
trinrtrofluoreniden*aniline(TNFA) derivative, trinitroflu- 
orenone(TNF)/polyester dispersion or nonsymmetrical so 
diphenoquinone derivative, the read-out photoconduc- 
tive layer 4 may comprise nonmetal phthalocyanine or 
metallophthalocyanine as in the embodiments 
described above, and the read-out photoconductive 
layer 4a may comprise a-Se. Se-Te, Se-As or Se-As-Te 55 6. 
as in the embodiment described above. 
[0169] In the above-described embodiments of the 
invention, the electrostatic recording member is 



exposed to the recording radiation from the first conduc- 
tive layer side. It will be noted, however, that it may be 
exposed to the recording radiation from the second con- 
ductive layer side, when the second conductive layer, 
the read-out photoconductive layer and the charge 
transport layer transmit the recording radiation. 



An electrostatic recording member on which radia- 
tion image information is recorded as an electro- 
static latent image comprising 

a first conductive layer which transmits record- 
ing radiations. 

a recording photoconductive layer which exhib- 
its conductivity upon exposure to recording 
radiations, 

a charge transport layer which substantially 
acts as an insulator to a charge in the same 
polarity as a charge placed on the first conduc- 
tive layer and substantially acts as a conductive 
body to a charge in the polarity reverse to a 
charge placed on the first conductive layer, 
a read-out photoconductive layer which exhib- 
its conductivity upon exposure to a read-out 
electromagnetic wave, and 
a second conductive layer which transmits the 
read-out electromagnetic wave, 
superposed one on another in this order. 

An electrostatic recording member as defined in 
Claim 1 in which the recording photoconductive 
layer contains as a major component at least one of 
a-Se, PbO, Pbl 2 , Bi 12 (Ge,Si)0 2 o. and Bi 2 l 3 /organic 
polymer nanocomposites. 

An electrostatic recording member as defined in 
Claim 2 in which the recording photoconductive 
layer is not smaller than 50 u.m and not larger than 
1000 ^m in thickness. 

An electrostatic recording member as defined in 
Claim 1 in which the read-out photoconductive layer 
also exhibits conductivity upon exposure to the 
recording radiations. 

An electrostatic recording member as defined in 
Claim 1 in which the read-out photoconductive layer 
contains as a major component at least one of a- 
Se, Se-Te, Se-As-Te, nonmetal phthalocyanine and 
metallophthalocyanine such as MgPc, VoPc and 
CuPc. 

An electrostatic recording member as defined in 
Claim 1 in which the read-out photoconductive layer 
exhibits a high sensitivity to an electromagnetic 
wave in a wavelength range of a near ultraviolet 
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region to a blue region and a low sensitivity to an 
electromagnetic wave in a red region. 

7. An electrostatic recording member as defined in 
Claim 6 in which the read-out photoconductive layer 
contains as a major component at least one of a- 
Se, Pbl 2 , Bi 12 (Ge,Si)0 2 o. perylene-bis-imide (R=n- 
propyl), and perylene-bis-imide (R=n-neopentyl). 

8. An electrostatic recording member as defined in 
Claim 4 in which the read-out photoconductive layer 
contains as a major component at least one of a- 
Se, Se-Te, and Se-As-Te. 

9. An electrostatic recording member as defined in 
Claim 1 in which the charge transport layer contains 
as a major component at least one of PVK, TPD, 
dispersion of TPD in polymer, and a-Se doped with 
10 to 200ppm of CI. 

10. An electrostatic recording member as defined in 
Claim 1 in which the charge transport layer is larger 
in the mobility of charge in the direction of thickness 
of the layer than that in a direction parallel to the 
layer. 

11. An electrostatic recording member as defined in 
Claim 1 in which the charge transport layer includes 
at least a first charge transport layer formed of a 
material which substantially acts as an insulator to 
a charge in the same polarity as a charge placed on 
the first conductive layer and a second charge 
transport layer formed of a material which substan- 
tially acts as a conductive body to a charge in the 
polarity reverse to a charge placed on the first con- 
ductive layer with the first and second charge trans- 
port layers superposed so that the first charge 
transport layer faces toward the recording photo- 
conductive layer and the second charge transport 
layer faces toward the read-out photoconductive 
layer. 

12. An electrostatic recording member as defined in 
Claim 11 in which the first charge transport layer is 
of an organic material and the second charge trans- 
port layer is of a Se series material. 

13. An electrostatic recording member as defined in 
Claim 12 in which the first charge transport layer is 
a layer consisting of at least one of PVK and TPD 
and the second charge transport layer is an a-Se 
layer doped with CI of 10 to 200ppm. 

14. An electrostatic recording member as defined in 
Claim 1 in which a first blocking layer which pre- 
vents the charge placed on the first conductive 
layer from being injected into the recording photo- 
conductive layer is interposed between the first 



conductive layer and the recording photoconductive 
layer. 

15. An electrostatic recording member as defined in 
5 Claim 1 or 14 in which a second blocking layer 

which prevents the charge placed on the second 
conductive layer from being injected into the read- 
out photoconductive layer is interposed between 
the second conductive layer and the read-out pho- 
10 toconductive layer. 

16. An electrostatic recording member as defined in 
Claim 1 in which the sum of the thickness of the 
read-out photoconductive layer and that of the 

is charge transport layer is not larger than 1/2 of the 
thickness of the recording photoconductive layer. 

17. An electrostatic recording member as defined in 
Claim 16 in which the sum of the thickness of the 

20 read-out photoconductive layer and that of the 
charge transfer layer is not larger than 1/10 of the 
thickness of the recording photoconductive layer. 

18. An electrostatic recording member as defined in 
25 Claim 17 in which the sum of the thickness of the 

read-out photoconductive layer and that of the 
charge transport layer is not larger than 1/20 of the 
thickness of the recording photoconductive layer. 

30 19. An electrostatic recording member as defined in 
Claim 1 in which the mobility in the charge transport 
layer of a charge in the same polarity as a charge 
placed on the first conductive layer is not larger 
than 1/10 2 of the mobility in the charge transport 

35 layer of a charge in the polarity reverse to a charge 
placed on the first conductive layer. 

20. An electrostatic recording member as defined in 
Claim 19 in which the mobility in the charge trans- 

40 port layer of a charge in the same polarity as a 
charge placed on the first conductive layer is not 
larger than 1/10 3 o1 the mobility in the charge trans- 
port layer of a charge in the polarity reverse to a 
charge placed on the first conductive layer. 

45 

21. An electrostatic recording member as defined in 
Claim 1 in which the second conductive layer is in 
the form of comb teeth. 

so 22. An electrostatic recording member as defined in 
Claim 21 in which the width of each comb tooth is 
not larger than 75% of the pitch of the teeth. 

23. An electrostatic recording member as defined in 
55 Claim 21 in which the interspaces between the 
comb teeth are untransparent to the read-out elec- 
tromagnetic wave. 
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24. An electrostatic recording member as defined in 
Claim 21 or 23 in which the portions of each tooth 
between pixels arranged in the longitudinal direc- 
tion of the tooth are untransparent to the read-out 
electromagnetic wave. 

25. An electrostatic recording member as defined in 
Claim 21 in which the sum of the thickness of the 
read-out photoconductive layer and that of the 
charge transport layer is substantially the same as 
the pitch of the teeth or smaller than the same. 

26. An electrostatic recording member as defined in 
Claim 21 in which an insulating layer and a third 
conductive layer both of which transmit the read-out 
electromagnetic wave are superposed on the sec- 
ond conductive layer in this order and the third con- 
ductive layer is in the form of comb teeth extending 
substantially in perpendicular to those of the sec- 
ond conductive layer. 

27. An electrostatic recording member as defined in 
Claim 26 in which the interspaces between the 
comb teeth of the third conductive layer are 
untransparent to the read-out electromagnetic 
wave. 

28. An electrostatic recording member as defined in 
Claim 26 in which the width of each comb tooth of 
the third conductive layer is not larger than 75% of 
the pitch of the teeth. 

29. An electrostatic recording member as defined in 
Claim 26 in which the sum of the thickness of the 
read-out photoconductive layer and that of the 
charge transport layer is substantially the same as 
the pitch of the comb teeth of the third conductive 
layer or smaller than the same. 

30. An electrostatic recording member on which radia- 
tion image information is recorded as an electro- 
static latent image comprising 

a wavelength conversion layer which converts 
recording radiations to visible light in a first 
wavelength range, 

a first conductive layer which transmits the vis- 
ible light, 

a recording photoconductive layer which exhib- 
its conductivity upon exposure to the visible 
light passing through the first photoconductive 
layer, 

a charge transport layer which substantially 
acts as an insulator to a charge in the same 
polarity as a charge placed on the first conduc- 
tive layer and substantially acts as a conductive 
body to a charge in the polarity reverse to a 
charge placed on the first conductive layer, 
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a read-out photoconductive layer which exhib- 
its conductivity upon exposure to a read-out 
electromagnetic wave, and 
a second conductive layer which transmits the 
s read-out electromagnetic wave, 

superposed one on another in this order. 

31. An electrostatic recording member as defined in 
Claim 30 in which the wavelength conversion layer 

10 converts the recording radiations also to visible light 
in a second wavelength range, and the read-out 
photoconductive layer exhibits conductivity also 
upon exposure to the visible light in the second 
wavelength range. 

15 

32. An electrostatic recording member as defined in 
Claim 30 in which the read-out photoconductive 
layer contains as a major component at least one of 
a-Se, Se-Te, Se-As-Te, nonmetal phthalocyanine 

20 and metallophthalocyanine such as MgPc, VoPc 
and CuPc. 

33. An electrostatic recording member as defined in 
Claim 30 in which the read-out photoconductive 

25 layer exhibits a high sensitivity to an electromag- 
netic wave in a wavelength range of a near ultravio- 
let region to a blue region and a low sensitivity to an 
electromagnetic wave in a red region. 

30 34. An electrostatic recording member as defined in 
Claim 33 in which the read-out photoconductive 
layer contains as a major component at least one of 
a-Se, Pbl 2 , Bi 12 (Ge,Si)0 2 o. perylene-bis-imide 
(R=n-propyl). and perylene-bis-imide (R=n-neo- 

35 pentyl). 

35. An electrostatic recording member as defined in 
Claim 30 in which the charge transport layer con- 
tains as a major component at least one Of PVK, 

40 TPD, dispersion of TPD in polymer, and a-Se doped 
with 10 to 200ppm of CI. 

36. An electrostatic recording member as defined in 
Claim 30 in which the charge transport layer is 

45 larger in the mobility of charge in the direction of 
thickness of the layer than that in a direction parallel 
to the layer. 

37. An electrostatic recording member as defined in 
so Claim 30 in which the charge transport layer 

includes at least a first charge transport layer 
formed of a material which substantially acts as an 
insulator to a charge in the same polarity as a 
charge placed on the first conductive layer and a 
55 second charge transport layer formed of a material 
which substantially acts as a conductive body to a 
charge in the polarity reverse to a charge placed on 
the first conductive layer with the first and second 



21 



41 



EP 0 898 421 A2 



42 



charge transport layers superposed so that the first 
charge transport layer faces toward the recording 
photoconductive layer and the second charge 
transport layer faces toward the read-out photocon- 
ductive layer. 

38. An electrostatic recording member as defined in 
Claim 37 in which the first charge transport layer is 
of an organic material and the second charge trans- 
port layer is of a Se series material. 

39. An electrostatic recording member as defined in 
Claim 38 in which the first charge transport layer is 
a layer consisting of at least one of PVK and TPD 
and the second charge transport layer is an a-Se 
layer doped with CI of 10 to 200ppm. 

40. An electrostatic recording member as defined in 
Claim 30 in which a first blocking layer which pre- 
vents the charge placed or the first conductive layer 
from being injected into the recording photoconduc- 
tive layer is interposed between the first conductive 
layer and the recording photoconductive layer. 

41. An electrostatic recording member as defined in 
Claim 30 or 40 in which a second blocking layer 
which prevents the charge placed on the second 
conductive layer from being injected into the read- 
out photoconductive layer is interposed between 
the second conductive layer and the read-out pho- 
toconductive layer. 

42. An electrostatic recording member as defined in 
Claim 30 in which the sum of the thickness of the 
read-out photoconductive layer and that of the 
charge transport layer is not larger than 1/2 of the 
thickness of the recording photoconductive layer. 

43. An electrostatic recording member as defined in 
Claim 42 in which the sum of the thickness of the 
read-out photoconductive layer and that of the 
charge transport layer is not larger than 1/10 of the 
thickness of the recording photoconductive layer. 

44. An electrostatic recording member as defined in 
Claim 43 in which the sum of the thickness of the 
read-out photoconductive layer and that of the 
charge transport layer is not larger than 1/20 of the 
thickness of the recording photoconductive layer. 

45. An electrostatic recording member as defined in 
Claim 30 in which the mobility in the charge trans- 
port layer of a . charge in the same polarity as a 
charge placed on the first conductive layer is not 
larger than 1/1 0 2 of the mobility in the charge trans- 
port layer of a charge in the polarity reverge to a 
charge placed on the first conductive layer. 



46. An electrostatic recording member as defined in 
Claim 45 in which the mobility in the charge trans- 
port layer of a charge in the same polarity as a 
charge placed on the first conductive layer is not 

5 larger than 1 /1 0 3 of the mobility in the charge trans- 
port layer of a charge in the polarity reverse to a 
charge placed on the first conductive layer. 

47. An electrostatic recording member as defined in 
io Claim 30 in which the second conductive layer is in 

the form of comb teeth. 

48. An electrostatic recording member as defined in 
Claim 47 in which the width of each comb tooth is 

15 not larger than 75% of the pitch of the teeth. 

49. An electrostatic recording member as defined in 
Claim 47 in which the interspaces between the 
comb teeth are untransparent to the read-out elec- 

20 tromagnetic wave. 

50. An electrostatic recording member as defined in 
Claim 47 or 49 in which the portions of each tooth 
between pixels arranged in the longitudinal direc- 

25 tion of the tooth are untransparent to the read-out 
electromagnetic wave. 

51. An electrostatic recording member as defined in 
Claim 47 in which the sum of the thickness of the 

30 read-out photoconductive layer and that of the 
charge transport layer is substantially the same as 
the pitch of the teeth or smaller than the same. 

52. An electrostatic recording member as defined in 
35 Claim 47 in which an insulating layer and a third 

conductive layer both of which transmit the read-out 
electromagnetic wave are superposed on the sec- 
ond conductive layer in this order and the third con- 
ductive layer is in the form of comb teeth extending 
40 substantially in perpendicular to those of the sec- 
ond conductive layer. 

53. An electrostatic recording member as defined in 
Claim 52 in which the interspaces between the 

45 comb teeth of the third conductive layer are 
untransparent to the read-out electromagnetic 
wave. 

54. An electrostatic recording member as defined in 
so Claim 52 in which the width of each comb tooth of 

the third conductive layer is not larger than 75% of 
the pitch of the teeth. 

55. An electrostatic recording member as defined in 
55 Claim 52 in which the sum of the thickness of the 

read-out photoconductive layer and that of the 
charge transport layer is substantially the same as 
the pitch of the comb teeth of the third conductive 
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layer or smaller than the same. 

56. An electrostatic latent image recording apparatus 
for recording radiation image information as an 
electrostatic latent image on an electrostatic 5 
recording member as defined in Claim 1 or 21, 
comprising 

a power source which applies a predetermined 
DC voltage between the first and second con- to 
ductive layers, and 

a recording light projecting means which 
projects recording radiations bearing thereon 
the radiation image information onto the elec- 
trostatic recording member, is 
wherein the radiation image information is 
recorded as an electrostatic latent image by 
projecting the recording radiations onto the first 
conductive layer of the electrostatic recording 
member to cause the interface of the recording 20 
photoconductive layer and the charge transport 
layer of the electrostatic recording member to 
store a charge in the same polarity as the 
charge placed on the first conductive layer. 

25 

57. An electrostatic latent image recording apparatus 
as defined in claim 56 further comprising a pre- 
exposure means which projects a predetermined 
amount of electromagnetic radiations onto the sec- 
ond conductive layer before the recording radia- 30 
tions are projected onto the first conductive layer. 

58. An electrostatic latent image recording apparatus 
for recording radiation image information as an 
electrostatic latent image on an electrostatic 35 
recording member as defined in Claim 26 or 52, 
comprising 

a power source which applies a predetermined 
DC voltage between the first and third conduc- 40 
tive layers, and 

a recording light projecting means which 
projects recording radiations bearing thereon 
the radiation image information onto the first 
conductive layer, 45 
wherein the radiation image information is 
recorded as an electrostatic latent image by 
projecting the recording radiations onto the first 
conductive layer of the electrostatic recording 
member to cause the interface of the recording so 
photoconductive layer and the charge transport 
layer of the electrostatic recording member to 
store a charge in the same polarity as the 
charge placed on the first conductive layer. 

55 

59. An electrostatic latent image recording apparatus 
as defined in Claim 58 further comprising a pre- 
exposure means which projects a predetermined 



amount of electromagnetic radiations onto the sec- 
ond conductive layer before the recording radia- 
tions are projected onto the first conductive layer. 

60. An electrostatic latent image read-out apparatus for 
reading out an electrostatic latent image from an 
electrostatic recording member defined Claim 1 or 
30, comprising 

a read-out exposure means which causes a 
read-out electromagnetic wave to scan the sec- 
ond conductive layer of the electrostatic record- 
ing member, and 

an electric current detecting means which 
detects through the first or second conductive 
layer an electric current flowing out the electro- 
static recording member according to the elec- 
trostatic latent image recorded thereon upon 
exposure to the read -out electromagnetic 
wave. 

61. An electrostatic latent image read-out apparatus 
further comprising a connecting means which con- 
nects the first conductive layer selectively to the 
second conductive layer or the current detecting 
means, 

wherein the connecting means first connects the 
first conductive layer to the second conductive layer 
to equalize the potential of the second conductive 
layer to that of the first conductive layer and then 
connects the first conductive layer to the current 
detecting means to detect the electric current flow- 
ing out the electrostatic recording member. 

62. An electrostatic latent image read-out apparatus as 
defined in Claim 60 in which said electrostatic 
recording member is an electrostatic recording 
member defined in Claim 6 or 33 and the read-out 
electromagnetic wave is in a wavelength range of a 
near ultraviolet region to a blue region. 

63. An electrostatic latent image read-out apparatus as 
defined in Claim 60 in which the read-out exposure 
means causes a read-out electromagnetic wave in 
the form of a beam spot to scan the second conduc- 
tive layer. 

64. An electrostatic latent image read-out apparatus as 
defined in Claim 60 in which said electrostatic 
recording member is an electrostatic recording 
member defined in Claim 21 or 47, the read-out 
exposure means causes a line image of a read-out 
electromagnetic wave which is substantially uni- 
form in intensity and extends substantially in per- 
pendicular to the comb teeth to scan the second 
conductive layer in the longitudinal direction of the 
comb teeth, and the current detecting means 
detects the electric current flowing out the electro- 
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static recording member tooth by tooth. 

65. An electrostatic latent image read-out apparatus as 
defined in Claim 64 in which said electrostatic 
recording member is an electrostatic recording 
member defined in Claim 21 or 47, and the electro- 
static latent image read-out apparatus is provided 
with a second connecting means which connects 
the second and third conductive layers. 

66. An electrostatic latent image read-out apparatus as 
defined in Claim 63 in which the read-out exposure 
means projects the read-out electromagnetic wave 
like a pulse onto each pixel. 

67. An electrostatic latent image read -out apparatus as 
defined in Claim 60 in which the current detecting 
means comprises an integrating capacitor which 
stores charge by the electric current flowing to the 
current detecting means, and a discharge means 
which selectively discharges the charge stored in 
the integrating capacitor, thereby detecting the 
charge stored in the integrating capacitor pixel by 
pixel. 

68. An electrostatic latent image read-out apparatus as 
defined in Claim 60 in which the current detecting 
means is connected to the first conductive layer by 
way of a bias power source having a predetermined 
DC voltage. 

69. An electrostatic latent image read-out Apparatus as 
defined in Claim 68 in which the bias power source 
is the power source which is used when recording 
the electrostatic latent image. 35 



40 



45 



50 



55 



24 

3NSDOCID: <EP 089842lA2J_> 



10 



15 



20 



25 



30 



3 
4 



5~. 



EP 0 898 421 A2 



F I G .1 



10 



F I 6.2 




25 



JSDOCID: <EP 0898421 A2J_> 



EP 0 898 421 A2 



F I G . 3A 



F IG.3B 



9b 
1- 



//////////////A 



10 



4-H 
5- 



4. 4- 4 4- 4- 4 + + 4 + 4 



Ed 

~^60 



9b>* Hli I 



10 



4 

5 



3- 9a 



© © © © © ffi 

© © e © © e 



+ -(- + + + + ■»- + + ■»- + 



Ed 



60 



F I G . 3C 



1 

2 



10 



3_ 
4, 

5' 



t t » ill 

e © e u> $ ® 



+ + + + 



+ + + t 



Ed 



60 



F I G.3D 



10 







0 © © e © e 






4- 




■4- + 4 44+ + +4-4- + 



60 



BNSDOCID: <EP 0898421 A2J_> 



26 



EP 0 898 421 A2 



FIG.4A 



10 2 



4- 
5 



+ + + 



00000© 



+ + + 



2 



F I G . 4B 



3H 
5-4 



+ +• -fr- 



ee a eee 




KL2 



1-^ 
2 



10 



F I G . 4C 



5^ 



e e e e e e 



+ + 




F I G . 4D 




70o 



>JSDOCID: <EP 0898421 A2J_> 



27 



EP 0 898 421 A2 



F I G.5 



1 



sw 




T 



SWno 



>2 



C<n-oo 

Rno" 



Cno 



Rnb] 



C(n-ob 
SWnb 



>> Cnb 



3NSDOCID: <EP 0898421 A2_l_> 



28 



EP 0 898 421 A2 



F I G.6 



(A) 



60 



Ed 



u- 




t-4- 



TT 



TRANSPARENT 



f 



(B) 



Cxo 



Ed 



60 ~* 



+ T eebe 
L_*IF 




C*b 



| UNTRANSFftRENT 



(E) 



60^' 




-kd 



C*a 



C*b 



(C) 



e 


e 


e 


e 




I 



1 



(D) 



C#o 




+ ■+ 



e 



Ob 



e 




L2 



(F) 





C*o 




C*b 



(G) 





C*a 



C*b 



29 



EP 0 898 421 A2 



F I 6.7 




EFECTIVE 

IMAGE 

RANGE 



L I (AMOUNT OF LIGHT) 



BLANK 
PORTION 



30 



BNSDOCID: <EP 0898421A2_I_> 



EP 0 898 421 A2 



F I G .8A \ 



3 
5 











e e 


e © 0 








r 

0 





F I G.8B 



11 



2 

\ 
3J 



4o 

5 J 



99699 



00_ 



1 



F I G . 8C 3. 

4a 

5- 



o e ee 



+ + +++++- 4- + + 



ISOOCID: <EP 0898421 A2_L> 



31 



i 



EP 0 898 421 A2 



F I G.9 



42 



9b 



'/MM 



LI- 



zzzzzzzza 



1 
2 



4. 
5 



7 



,9 

4 9a 



© 

e 



L3 



1 

7a 



F I G .10A * 



F I G .10B 



2 



7b' 



32 

i 

BNSDOCID: <EP 0898421A2J_> 



EP 0 898 421 A2 



F I G .11 




JSDOCID: <EP 0898421 A2J_> 



33 



EP 0 898 421 A2 



F I G.12A 



1 

2 

3. 
4 



9b, 

zzz 



M 



15 



5b 5o 



F I G .12B 



9b ^zzzzzzzzzzzr: 



9a 



l« 

2 

3 
4- 



t f 1 1 t 

00 © a 



t t .15 



"S 50, 



F I 6 12C 



9b 



1 

2 
3- 



r=7 



BSC 



,5b 5a, 



9a 



15 



Q0GQ 9009 



34 



BNSDOCID: <EP 0B98421 A2_L> 



EP 0 898 421 A2 



F I G .13A 




F I G .13B 



35 



EP 0 898 421 A2 



F I G.14 




36 



EP 0 898 421 A2 



F I G .15A 



F I G.15C 



3- 



4— I 
5a 
Sc- 
db 



5 

, » V 

4 ¥.50 



8c 




G.15B 



16 



4 X 
5b 

8o 



///// /yy 



•7-* 



16 



? \\\\\\\\\\\\\\\\\\^ 




Y/<\ YA YA \AZtt. 



ISDOCID: <EP 0898421A2. 1_> 



37 



EP 0 898 421 A2 



F I G.16A 



F I G.16B 



80 



i — rmn tt 




5a 



F I G .16C 



8o 



0 


0 


0 


0 


0 


0 


□ 


0 


0 


0 


0 


0 


I □ 


0 


□ 


0 



F I G .16D 



38 



EP 0 898 421 A2 



0* 



FIG.17A 



i W 



1 1 1 






01 




02 




03 



FIG.17B 



SIGNAL CURRENT 

DARK CURRENT 



r±. 



T1 



T 



L2 



F 1 6 17C 





T2 



0 








FI6.17D 




01 




02 




03 





F I G 17E 



SIGNAL CURRENT 



DARK 
CURRENT 



i 
T 



^SDOCID: <EP 0898421 A2_l_> 



39 



EP 0 898 421 A2 



F I G.18 



+ -r ♦ 



2- 



e e g 



4- 



* + + 



o e e 



I 



3. 



•I 



SCANNING - 
17 DIRECTION 



IX 



95 




F I G.19 



2A 



e g e 



e ©e 



3— 

5 



17 



SCANNING— 
DIRECTION 95 XI 




L 



I 



BNSDOCID: <EP 0898421A2_I_> 



40 



EP 0 898 421 A2 



F I G.20 



HIGH 
VOLTAGE 



ON 



OFF 



EXPOSURE 



RECORDING 
LIGHT 



READ-OUT 
LIGHT 



CHARGE 



ON 









r- 

i 

1 




! 




• 




to ti 



41 

4 
i 

MSOOCID:<EP 0898421A2_I_> 



EP 0 898 421 A2 



F I G.21 




96--^ (2^92 



42 



I 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP 0 898 421 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

05.12.2001 Bulletin 2001/49 



(51) intci7: H04N 5/30, G01T 1/29 



(43) Date of publication A2: 

24.02.1999 Bulletin 1999/08 

(21) Application number: 98115539.3 

(22) Date of filing: 18.08.1998 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 19.08.1997 JP 22211497 
30.07.1998 JP 21537898 



(71) Applicant: FUJI PHOTO FILM CO., LTD. 
Kanagawa-ken (JP) 

(72) Inventor: Imai, Shinji 
Ashigarakami-gun, Kanagawa-ken 258 (JP) 

(74) Representative: Klunker . Schmitt-Nilson . Hirsch 
Winzererstrasse 106 
80797 Munchen (DE) 
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(57) An electrostatic recording member on which ra- 
diation image information is recorded as an electrostatic 
latent image includes the following layers superposed 
one on another in this order. A first conductive layer 
which transmits recording radiations such as X-rays, a 
recording photoconductive layer which exhibits conduc- 
tivity upon exposure to the recording radiations passing 
through the first photoconductive layer, a charge trans- 



port layer which substantially acts as an insulator to a 
charge in the same polarity as a charge placed on the 
first conductive layer and substantially acts as a con- 
ductive body to a charge in the polarity reverse to a 
charge placed on the first conductive layer, a read-out 
photoconductive layer which exhibits conductivity upon 
exposure to a read-out electromagnetic wave, and a 
second conductive layer which -i-transmits the read-out 
electromagnetic wave. 
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